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enetic Control of Lymphomatosis in the Fowl 


F. B. Hutt and R. K. Cole 


Department of Poultry Husbandry, Cornell University 





VIAN LYMPHOMATOSIS IS A _ DISEASE 
characterized by the accumulation of undif- 
ferentiated lymphocytes in the nerves, in the 

ycera, or in the iris. If the resultant tumors are in the 
giatic or brachial nerves, the leg or wing is paralyzed, and 
the bird is incapacitated even though otherwise in good 
health. In many cases nerves of the autonomic system are 
fected. Involvement of the ovary, liver, spleen, and kid- 
ney is common. 

[he disease is known—in its various forms, and by dif- 
erent people—as lymphomatosis, neurolymphomatosis, 
leukemia, the avian leucosis complex, iritis, fowl paraly- 
‘is, range paralysis (because it often afflicts young birds 
on the rearing ranges), and big-liver disease. In Europe, 
it is sometimes called Marek’s disease after the Hungar- 
ian pathologist who first described it in 1907, It is preva- 
lent in many parts of the world. 

Because under certain conditions lymphomatosis can 
be transmitted from bird to bird by inoculation with a 
cell-free filtrate from diseased fowls, it is generally con- 
sidered to be caused by a virus. It is also spread by con- 
tact among young chickens. 

The disease usually does not cause death before 6 weeks 
of age, but most of the susceptible birds die within 18 
months of hatching. In the United States it is responsible 
(4, 17) for about 40 per cent of the high mortality now 
prevailing in growing stock and during the first year of 
life. Since the first detailed study of the disease in this 
country by Pappenheimer, Dunn, and Cone (J3), many 
investigators have sought to discover its cause, the paths 
of infection, the basis for the diverse manifestations, and 
possible methods of control. That progress in these direc- 
tions has been slow is disappointing to the poultry in- 
dustry, but not surprising to anyone familiar with the 

difficulties besetting any study of neoplasia. 

A special laboratory for research on avian lymphoma- 
tosis was established by the U. S. Department of Agri- 
fculture in 1939 at East Lansing, Michigan. The director 
oi that laboratory, Berley Winton, has estimated (7) 
that the disease causes in this country alone an annual 
loss exceeding $50,000,000. 

That the disease may be effectively controlled by rais- 
ing the chicks from hatching to about 5 months of age in 
somplete isolation from older birds was proved experi- 
mentally by Kennard and Chamberlin (10) and by John- 
ston and Wilson (9). After about 5 months of age, 
exposure to the disease seems not to matter. However, it 
is not possible for many poultrymen to provide separate 
attendants and equipment for their growing stock; hence, 
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complete isolation is somewhat impracticable. Losses 
from lymphomatosis can still be reduced with lesser and 
more feasible degrees of isolation, particularly if the 
chicks be kept at some distance from older stock during 
the first few weeks after hatching, which is apparently the 
critical period (6). 


THE EXPERIMENT 


Olject. Beginning with an unselected population hatched 
in 1935, an experiment has been carried out at Cornell 
University to determine the feasibility of breeding strains 
of fowls resistant to lymphomatosis. It was well known 
then that families differed in susceptibility (/). The ques- 
tion was whether or not, by selection, genetic resistance 
could be established at a level high enough to constitute 
control of the disease in large populations that are 
thoroughly exposed, i.e. in commercial poultry flocks. 
Furthermore, resistant strains would be of little economic 
value unless superior (or satisfactory, at least) in body 
size, in egg production, and in egg size. It was desirable, 
therefore, to determine whether or not increased resist- 
ance to lymphomatosis could be attained without sacri- 
ficing these other indispensable desiderata. 

Procedure. Reduced to its simplest terms, the procedur: 
for 12 years has been (a) to have all chicks pedigreed, so 
that the sire and dam are known for each, (b) to ensure a 
natural exposure to lymphomatosis, (c) to maintain, as 
nearly as possible, uniform environment for all birds at 
every age from the egg on, and (d) to select for breeding 
the sires and dams whose production of the most resistant 
families has been proved, together with promising un- 
tested birds from those same families. 

Some idea of the scope of the experiment is given by the 
fact that, in all selected generations aftsr the fourth 
(which was hatched in 1939), from 2,100 to 2,600 females 
of the White Leghorn breed have been started at 6 weeks 
of age in tests of their viability and have been maintained 
under test to the age of 500 days. Complete records have 
been kept of their ages at commencement of laying, of 
their. egg production, size of egg, and body size. 

Every bird that died was autopsied to ascertain the 
cause of death. The usual thorough macroscopic exam 
ination was supplemented, when necessary, with bac- 
teriological study, or with histological examination to 
determine the type of tumor involved. Most of these diag- 
noses were made by one of us (R.K.C.), except for a 
period of 46 months when he was absent in military serv- 
ice. During that time the examinations were made by 
R. F. Ball, whose assistance is gratefully acknowledged. 
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An essential part of the program was that no birds were 
culled from the flock because of small size, low egg pro- 
duction, or ill health. Some whole families were eliminated 
when the numbers of female chicks therein were too small 
to permit evaluation of the family’s genetic potentialities, 
but this was done early, before the test had progressed 
very far. Once started, all birds were given an equal 
chance to demonstrate their ability to survive to 500 days 
of age. This does not mean that every hen still able to 
stagger about at that age was counted as a survivor. On 
the contrary, all birds then obviously sick were killed and 
examined, and their records were included with those of 
birds deceased earlier. 

Full details of the procedure and management have 
been given in interim reports (5-8). Anyone comparing 
the data in these reports with figures in the present paper 
should remember that, whereas the former analyses con- 
sidered a test period beginning at 160 days of age, records 
forthe early years have now been extended to include the 
period from 6 weeks to 500 days. 

Strains involved. The flock of White Leghorns with 
which the experiment was begun had been bred at Cornell 
University for many years for increased egg production, 
but no selection had been made for resistance to disease, 
except in so far as the least fit had eliminated themselves 
from the breeding pens by premature death. From this 
stock, three differing strains have been developed. One of 
these, the C Resistant line, has had no new blood intro- 
duced. Another, the K Resistant line, comes from an out- 
cross of the original Leghorns to an entirely unrelated line 
in 1936. The third strain, the Susceptible line, has come 
from the original stock but has been bred for suscepti- 
bility to lymphomatosis. 

Exposure. The birds under test have been exposed 
naturally, not inoculated with pathogenic material. When 
the experiment was started, little was known of the trans- 
mission of the disease or of the channels of infection. 
However, from its prevalence in this flock and in others, 
it was assumed that natural exposure adequate for differ- 
entiation of resistant and susceptible families (and hence 
for selection) was inevitable. It seemed preferable to breed 
for resistance to that type of infection rather than to some 
aberrant pathological condition that might result from 
artificial inoculation. This decision was fortunate, for it 
has subsequently been shown that genetic resistance to 
natural infection is not revealed by subcutaneous inocu- 
lation (3) or by inoculation in some manner not specified 
(18), although oral inoculation does permit differentiation 
of geneticaliy resistant and susceptible stock (3). 

To ensure adequate natural exposure, sanitation of the 
kind so generally advocated was practically dispensed 
with. Brooder houses, rearing quarters, and laying pens 
were cleaned when necessary but were not disinfected. 
Trucks, equipment, feed, and attendants moved freely 
from buildings housing adult birds to the rearing range. 

Chicks were managed during the critical first two weeks 
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after hatching by an attendant who also cared for adul 
birds and whose work was so arranged that he walked 
many times daily from hen-pens to chick-pens. 

Proof that natural exposure was ample in this exper. 
iment was provided by the high incidence of lympho. 
matosis among birds of the Susceptible strain. Since thes 
were hatched along with those of the C and K Resistant il 
strains, and mixed with them right from the incubatox§ 
onward, it is obvious that all must have been equally ¢. 
posed. In similar selection experiments conducted by 
others, failure to maintain such a susceptible straiy 
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In the unselected population of 1935, 14.6 per cent died HM for th 
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xsibly because of its closer proximity to adult fowls. 
a though chicks were brooded in that house for only 
heir first two weeks, they suffered over twice as many 
jeaths from neoplasms after 5 months of age as did the 
hicks started in the other house (6). This effect is clearly 
own in Fig. 1, in the data for 1942. In all three strains, 
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sistant he lower points for that year show, as for previous years, 
"ubaton he deaths from neoplasms in all birds. Half of these were 
rally ey. + exposed and half severely exposed. The upper 
cted by Sa give the corresponding figures for the severely- 
> Strain ia birds only. Since, in the two resistant lines, these 
“thy a figures are about 50 per cent higher than the aver- 
1 (as the a it is evident that the other half of the birds was 
ly been a rather lightly. This condition had prevailed, 

known, from the start of the experiment in 1935. After 

is discovery, all the chicks were started in the brooder 
saat house providing the severe exposure. That deaths from 
a neoplasms in the two resistant lines were only 5-8 per 
highly 


ent in the 1944 and 1945 populations is more significant, 
herefore, than one might think at first glance. 

(ver the 10-year period of selection, deaths from neo- 
nlasms in the Susceptible line increased gradually. This is 
emarkable, because selection is less efficient in that line 
han in the others. Since the most susceptible birds die 
long before the normal breeding season, selection is lim- 
ited to the use of the remaining birds (which are the more 
resistant ones) in the susceptible families. In spite of this, 
susceptibility was raised in the 10th generation to such a 
level that 34.9 per cent of the females in the Susceptible 
line died of neoplasms before 500 days of age. This figure 
was over four times those for the two resistant strains. 

The foregoing data on mortality from neoplasms are 
Bbased on the total populations in each line each year. 
Each of these groups can be divided into two classes: (a) 
daughters of proven sires, and (b) daughters of cockerels 
being tested for the first time. One might reasonably con- 
sider only the former class as the measure of the progress 
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ows efected by selective breeding, as it is inevitable that some 
for ter Mi cockerels will fail to transmit in accord with the breeder’s 
hopes and expectations. For this reason, the record for all 
daughters of proven sires is somewhat better than that 
rtible. HM for all daughters of cockerels and, hence, better than the 
npho- averages for the strains shown in Fig. 1. 
"ment Considering now only the daughters of proven sires, 
festa HMM selection has raised resistance to a level such that in the C 
asin’, HM and K lines deaths from neoplasms were only 2.0 and 4.4 
¥ per cent, respectively (during the 458-day test period), 
died for the 9th generation and 6.6 and 7 per cent for the 10th 
Hons, HM generation. Exposure to the disease was severe enough to 
* the HM cause 34and 38 per cent of the birds in the Susceptible line 
vel), HM to die of neoplasms in those same years. These losses in 
cent. HE the two resistant lines are so low as to be relatively un- 
nuch I important. 
ny (B) Mortality from all causes. The reduction of eco- 
was BME nomic loss from mortality in the two genetically resistant 
thet, HM strains is considerably greater than one would expect from 
1947 


SSCIENCE, October 24, 1947 





the lowering of the death rate from neoplasms alone. In 
1935, mortality from all causes during the test period was 
66.8 per cent in the unselected population. In the 10th 
selected generation it had dropped to 22.4 per cent in the 
C Resistant line and 19.9 per cent in the K Resistant line 
(Fig. 2). These mortality rates mean a reduction of losses 
by about two-thirds. 

Some of this reduction in mortality may properly be 
attributed to improvements in husbandry during the 10- 
year period, particularly to changes in management dur- 
ing the rearing period which reduced losses from coc- 
cidiosis and tapeworms. However, since total mortality 
in the Susceptible strain was still 53 per cent in the 
10th generation, and as high as 68 per cent in the severely 
exposed pullets of the 7th generation (1942), it is clear 
that by far the greater part of the reduction of mortality 
in the resistant lines must be credited to breeding. More- 
over, it is probable that potential deaths from lympho- 
matosis were actually higher in the earlier years of the 
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Fic. 2. Reduction in deaths from all causes in the resistant strains and 
maintenance of high mortality in the susceptible one. The lines show 3-year 
moving averages (except for terminal points). 


experiment than the frequencies shown in Fig. 1. This is 
partly because many of the birds then died of intestinal 
parasites before an age at which they could show lympho- 
matosis. Moreover, some of the more obscure forms of the 
disease were probably not recognized in the earlier years. 

It will be noted that between 1937 and 1942 mortality 
was not decreased much in the K strain and remained 
practically constant in the C strain. However, from 1942 
onward it declined rapidly in both of these resistant lines. 
The reasons for this rather abrupt change in trend will be 
discussed later. The rise ‘in mortality in all three lines in 
1944 resulted from chronic respiratory disorders, which 
were unusually severe in that year. 

(C) Age at death. Genetic differences in resistance to 
disease among these three strains are shown not only by 
the proportions that died during the test period but also 


381 








by the duration of life. Since most of the birds surviving 
to 500 days (all not retained for breeding) were then dis- 
posed of, a true figure for mean duration of life cannot be 
determined. However, among those of the 10th selected 
generation dying prior to 500 days of age, birds in the K 
and C Resistant strains lived 71 and 39 days ionger, re- 
spectively, than those that died in the Susceptible strain. 
For these last the mean age at death was 233 days. 

(D) Differences among families. Since the original dem- 
onstration by Asmundson and Biely (/) that sires differ 
in the degree of susceptibility to lymphomatosis trans- 
mitted to their daughters, similar differences have been 
commented upon by others. Some striking cases were 
cited in an earlier report (7). Without going into volumi- 
nous details, some idea of the genetic variability in this 
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From Att Causes, BETWEEN 42 AND 500 Days or AGE 























EET | b a 
Mortality ese? ; Mortality PR ecccssy 
from neoplasms)" _ x rom all causes} ~~ : 
among aust i detant | Ble ac | MOMS La tant | Soe Hac 
lines lines 
(%) (No.) (No.) (%) (No.) (No.) 
neuen ——--| ——— |——— 
0 5 ¥ | 
0.1-3 a | ~ 10 ‘ere 
3.1-6 13 | 10.1-15 i) 
6.1-9 os | tt | 6a 8 
9.1-12 9 | 20.1-25 | 13 
12.1-15 ] 1 | 25.1-30 11 1 
15.1-18 "4 2 30.1-35 8 1 
18.1-21 | 1 | 3 35.1-40 7 1 
21.1-24 1 2 40.1-45 8 2 
24.1-27 1 45.1-50 2 6 
27.1-30 | 3 50.1-55S 4 
» 30.1-33 | 2 55.1-60 1 1 
33.1-36 | 2 60.1-65 
36.1-39 | 1 65.170 
39.1-42 | 1 70.1-75 
42.1-45 2 
Total 6 21 65 21 





respect (which is the basis for selection) is given by the 
data in Table 1. This shows the distribution of 86 cocker- 
els of the 8th, 9th, and 10th generations according to the 
mortality in their daughters from neoplasms and from all 
causes. (Lymphomatosis accounted for about 90 per cent 
of the neoplasms.) Only sires that had at least 30 daugh- 
ters under test are included; three-quarters of them had 
over 40, and almost half had over 50. 

Among the 65 sires of the Resistant lines, there were 5 
that lost no daughters at all from neoplasms, and this in 
families of which the average size was 52. At the same 
time, 2 males of the Susceptible line each had 44 per cent 
of their daughters die of neoplasms. Three of the 21 
cockerels in that strain lost over 70 per cent of their 
daughters from all causes before 500 days of age. These 
cases from opposite extremes, and the range shown in 
Table 1, give some idea of the variation available for 
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selection and also of the differentiation between resistans 
and susceptible lines brought about by that proces, 

When a sire’s genotype has once been evaluated by r 
adequate progeny test, fairly consistent performanc r 
his offspring by. comparable females can be expected 
thereafter. This is illustrated by the records for 2 males 
both of which were used for 3 consecutive years, Thougl 
mated with different females each year, deaths of daugh 
ters from neoplasms in those years were 4.3, 1.5, and (1 
cent for one sire, but 33, 47, and 41 per cent for the other 
While the difference must be attributed in part to the fay 
that the one was mated with hens of a resistant strain ang 
the other with hens of the Susceptible one, there can} 
no doubt of the consistent influence of these 2 sires on the 
viability of their progeny. 


TABLE 2 


Comparisons oF Bopy Weicut, Eco WeicHT, axp Ecco Propuctoy y 
THE ORIGINAL PoPpULATION WiTH THAT IN THE 10TH 
SELECTED GENERATION 


| Mean eggs /bird 
| Adult | Adult |to 500 days ofag 
| | | 
° | bod | erg | 
Population pan A | size cf. 


| . ° 
finishing’ starti 
| (No.) | (No). 


(grams) (grams) 
| . : —| —| 





Original unselected (1935).. 





| 1, 690 $4.1 | 177 | 9% 
10th generation (1945) | 
C Resistant strain . 2,027 | S9.7 | 207 | 1% 
K Resistant strain ..| 2,102 | 0.0 | 186 | 169 
onan 1,935 | 


i 


Susceptible strain. . 58.5 
! 


161 | tt 

(E) Economic characters. To satisfy the poultryman, 
hens must be able not only to withstand disease but als 
to lay many eggs—eggs that weigh 2 ounces each or more 

-and to turn in at the end of the productive period 
carcass large enough to be desirable for meat. While ge- 
netic resistance to lymphomatosis was being established, 
the two resistant strains were also steadily improved it 
egg production, size of egg, and body weight. 

The full extent of that improvement is best shown by 
contrasting the performance of the 10th selected gener: 
ation with that of the original population from which the 
resistant and susceptible lines were developed (Table 2). 
The original stock, though unselected with respect tc 
viability, had been bred for high egg production for over 
20 years prior to 1935 and was then considered a superior 
strain. 

In spite of that, mean egg production in the C and} 
Resistant lines to 500 days for hens living to that age wa 
increased in the decade covered in this report by 17 and‘ 
per cent, respectively. (The averages of 207 for one lint 
and 186 for the other must not be belittled by comparing 
them with figures often cited by others for average ¢# 
production during the first laying year, a period that 
about 55 days longer than the one used in this study: 
However, the mean egg production of birds still alive 4! 
500 days of age can be a misleading measure of value, 


SCIENCE, October 24, 1%’ 


Per hen'Per hen 


t does 
started 
only 3 
194: 
he oth 
The 
ion of 
about 
eachit 
n ‘pro 
umn of 
and 
imes 
produc 
decade 
vivors 
bird hi 
jeadins 
compa 
Adu 
ally in 
The fo 


cent. | 





necess. 
devon 

Int 
improt 
Vas ch 
birds f 
disease 
the me 


In \ 
matos! 
spring 
from a 
ment 
paragi 
one m. 
highly 
Both : 
luctic 

Son 
object 
past d 
than 1 
half t! 
ness ¢ 

ifficu 
more | 
ress it 
it in ¢! 
they 

hree 


SCIE) 








Tesistans 


not consider what proportion of the pullets that Uniformly severe exposure was ensured by starting all 


a a were able to finish. In 1935, that proportion was chicks hatched after 1942 in the brooder house that pro- 
mance : only 33 per cent of the females alive at 6 weeks of age, but vided the more severe exposure. 

exDectei 1945 it was 78 per cent in one line and 80 per cent in The other limitation—too few proven sires—resulted 
2 male mene other. from the fact that several objectives had to be considered 
Though The better measure, therefore, is the mean egg produc- in the selection of breeders. With a single measure of 
f daugh fmmeion of the pullets that were housed in winter quarters at desirability, such as low mortality, half the cockerels 


shout 160 days (thus disregarding those that died before 









tested will prove superior to the average. With any three 


ind 0 pe “ “fice 
he ahd aching the age of laying). This figure, sometimes called additional objectives, e.g. egg production, body size, and 
the ag , “production index,” is given in the extreme right col- _ efficient reproduction, half the males are again superior in 


€ can be 
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umn of Table 2 for each group of birds. The indices for the 
‘and K Resistant lines are, respectively, 2.1 and 1.9 
imes that for the original population. On this basis, the 


productivity of these strains has been doubled during the 
decade of selection. In 1942, mean egg production of sur- 
vivors in the C and K strains was from 10 to 50 eggs per 
bird higher than for pullets brought in as chicks from four 
eading breeders of White Leghorns and reared for these 
comparisons on the local premises (8). 









each, but only about 1 in 16 is superior in all four desider- 
ata. Study of this problem revealed that adequate tests 
for viability of progeny could be made with families of 
30-50 daughters (12), these numbers being much less than 
had previously been considered desirable. This meant 
that enough daughters for a test could usually be hatched 
from three weeks’ eggs from each breeding pen. Whereas 
previously each cockerel had sired chicks for the whole 
hatching season of 10 weeks, a “‘second shift’’ and even a 


ae \dult body weight and egg weight were recorded annu- ‘‘third shift” of cockerels are now used. As a result, 10 
sg ally in March when the birds were about one year old. _ pens available for such tests now provide tests of 30 cock- 
= a 3 {he former was increased in the decade by 20 and 24 per _ erels instead of 10, thus tripling the chance of having 
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cent. Egg weight was raised by the 10 or 11 per cent 
necessary to bring it to the desired level of 58-60 grams, 
beyond which further increase was unwarranted. 

In the Susceptible strain, body size and egg size were 
mproved somewhat, but egg production declined. This 
vas chiefly because high mortality left comparatively few 
virds for selection as breeders, but also because incipient 
disease in survivors still alive at 500 days of age lowered 
‘he mean production of that group. 


GENERAL CONSIDERATIONS 


ln view of (a) the reduction of deaths from lympho- 
matosis and other neoplasms to 2-7 per cent in the off- 
spring of proven sires and (b) the reduction of mortality 
from all causes by two-thirds, as well as (c) the improve- 


superior proven sires to use for two or three years. This 
has been a big factor in the rapid improvement shown 
from 1943 to 1945. 

Other friendly critics suggest that the C and K Resist- 
ant lines differ from the Susceptible one, not in genes, but 
merely in lacking the causative virus. This, they suggest, 
is present in the Susceptible line and is regularly trans- 
mitted through the egg to each successive generation of 
that strain. The fact that the virus causing mammary 
carcinoma in mice can be transmitted in the milk of nurs- 
ing mothers, or foster mothers, makes plausible the hy- 
pothesis of cytoplasmic transmission of the agent, or 
agents, responsible for lymphomatosis in the fowl. How- 
ever, such a channel of infection has not yet been demon- 
strated with respect to avian lymphomatosis. To test the 
validity of this theory, reciprocal crosses have been made 













genet- M™ment in economic characters considered in the previous between the C and K Resistant lines and the Susceptible 
ch the HMparagraphs, it would seem that to the original problem one. The results of these, which will be reported in detail 
ole 2). Hifone may now write quod erat demonstrandum. Two strains — elsewhere, provide no support for the theory, although 
ect t0 MMhighly resistant to lymphomatosis have been developed. _ they do not necessarily disapprove it. They show that the 
r over MMBoth are more than satisfactory with respect to egg pro- _ fate of the chick depends as much upon the genes received 
perio’ MMuction, egg size, and body size. from the sire as on genes and any cytoplasmic agent trans- 
Some say that it has taken too long to accomplish these mitted by the dam. 
nd K MiMobjectives. The answer is that with the experience of the In.similar studies, Taylor, et al. (15) found it easier to 
e was Bast decade the same result could now be achieved in less _ lower resistance by selection than to raise it. Some prog- 
and’ H#than 10 years. Limiting factors were (a) light exposure of _ ress was apparently made toward establishing resistance 
e line HMiBhalf the chicks up to 1943, which lessened the effective- _ in the first three generations, but this was later lost. From 
aring Mees of selection in the first 6 generations, and (b) the _ their data it seems possible that insufficient numbers of 
e eg ificulty of finding proven sires good enough to use for _ proven sires may have been a limiting factor, as it was in 
at S Hnore than one year. These two limitations retarded prog- the Cornell experiments until the “double shifts’’ and 
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ress in the K Resistant strain and completely prevented 
itin the C Resistant line from 1939 to 1943 (Fig. 2). After 
they were removed, mortality was quickly lowered in 
three years, 
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“triple shifts” were introduced. At the Regional Poultry 
Laboratory, East Lansing, deaths in the 6th selected gen- 
eration from lymphomatosis alone were already up to 11.4 
per cent in their resistant stock by 300 days of age and 
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about twice as high in the susceptible lines (19). However, 
since investigators there are attempting to combine breed- 
ing for resistance to lymphomatosis with a program of 
close inbreeding, it is not surprising that progress has 
been slow. 


UTILIZATION OF RESISTANT STOCK 


The object of this experiment was to determine the 
feasibility of controlling genetically the most serious dis- 
ease besetting the poultry industry and of improving pro- 
ductivity at the same time. We feel that this has been 
done. The extent to which poultry breeders not supported 
by public tunds would be justified in undertaking the 
same sort of work remains to be determined. The desir- 
ability of maintaining a susceptible line to ensure 
exposure may be a deterrent, as such a stock can hardly 
be profitable. At the same time, more and more breeders 
and hatcherymen are recognizing that stock sold from 
flocks not exposed to disease may be the cause of intense 
dissatisfaction when it is so exposed in the hands of cus- 
tomers. As one of them (16) expressed it: “I am con- 
vinced ... that no breeder can afford to have a disease- 
free farm, or even a relatively disease-free farm.” So far 
as lymphomatosis is concerned, the disease is enzoétic and 
ubiquitous. Exposure is almost inevitable except in the 
smaller and more isolated flocks. Experience may show 
that breeders can develop resistant stock by exposing only 
enough of their chicks each year to provide tests of sires, 
while keeping the major part of the birds isolated, in so 
far as this is possible, and hence comparatively free from 
disease so that their productivity will not be impaired. 

Even without any deliberate exposure to disease, poul- 
trymen can raise the viability of their stock by selective 
breeding. While this has been demonstrated by Sturkie 
(14), by Bostian and Dearstyne (2), and by others, one 
must be prepared to find such stock highly susceptible to 
lymphomatosis when conditions are right for its reap- 
pearance (//). 

Another: possibility is that resistant strains may be 
developed at the agricultural colleges and experiment sta- 
tions and distributed as have been the rust-resistant va- 
rieties of wheat and disease-resistant strains of other 
plants. However, since fowls are dioecious organisms, un- 
less the strains resistant to lymphomatosis are inbred to 


the stage of almost complete homozygosity (which is uy 
likely if they are to be economically profitable), continu | 
selection would be necessary to maintain the 
resistance. 

It may prove more practicable to utilize the resistan 
strains by sending out their desirable genes in thousap, 
of cockerels to head flocks that supply the hatcherig 
Such tests as we have been able to make thus far indica 
that cockerels of the resistant stock, when mated yi) 
birds unselected for resistance to lymphomatosis, indyodmmme P 
a remarkable increase in viability and even in egg p, is 0 
duction. If these results are substantiated in further testsfmmmoll owe 
it would seem desirable to continue selection, and to haylmne al 
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“multipliers” produce sufficiently large numbers of till stro 
resistant birds to supply the hatcheries with thousands offimmoweV 
males. Since about 90 per cent of the country’s chicks armnalys 











now produced by commercial hatcheries, such a scheme 
would provide the maximum possible utilization of the 
genetic resistance that has been established by breeding 


ongr 
f the 
nd 0 
ctior 
References 
pecia 
lark 
philos 
iet 
he 0 
ased 
nd p 
Presid 
has fp 


1. Asmunpson, V.S., and Brety, J. Canad. J. Res., 1932, 6, 171. 

2. Bostran, C.H.,and DearstyNe,R.S. N.C. agric.exp. Sta. tech, By} 
79, 1944, 

3. Hetsporr, A. J., Brewer, N. R., and LaMorevx, W. F. 
1947, 26, 67. 

4. Hutt, F.B. Amer. Nat., 1938, 72, 268. 

5. Hurt, F. B., Bruckner, J. H., and Cote, R. K. Proc. 7th Worlt; 
Poultry Congr. (Cleveland), 1939, 49. 

6. Hutt, F. B., Core, R. K., Batt, M., Bruckner, J. H., and Bat, R 

F. Poultry Sci., 1944, 23, 396. 
. Hutt, F.B., Core, R. K.,and Bruckner, J.H. Poultry Sci,, 1941, ¥, 







Pouliry Sci, 









“3 


514. he le 
8. Hutt, F.B., Corr, R. K.,and Bruckner, J.H. Poultry Sci., 1945, 4, | 
564. In 


9. Jonnston, J.W.,andWitson,J.E. Vet. J., 1937, 93, 13. 

10. Kennarp, D. C., and Cuampertin, V.D. Ohio agric. exp. Sta. Bi 
monthly Bull., 1936, 21, 63. 

11. Lampman, C. E., and Horm, G. C, 
1943, 22. 

12. Mvetiter, C.D.,and Hutt, F.B. Poultry Sci., 1946, 25, 246. 

13. PappENHEIMER,A.L., Dunn,L.C.,and Cong, V. Storrs (Conn.) agri 
exp. Sta. Bull, 143, 1926. 

14. Sturkiz, P.D. Poultry Sci., 1943, 22, 155. 

15. Taytor, L.W., Lerner, I.M., DeOme, K.B., and Beacu,J.R. Pow 
try Sci., 1943, 22, 339. 

16. Wattace,H.B. Nat. Pouliry Diz., 1946, 5, 461. 

17. U.S. DEPARTMENT oF AGRICULTURE (Regional Poultry Research Lab 
oratory, East Lansing, Michigan). 4th ann. Rep., 1943, 3. 

18. U. S. DEPARTMENT OF AGRICULTURE (Regional Poultry Research Lab 
oratory, East Lansing, Michigan). 5th ann. Rep., 1944, 18. 

19. U. S. Department or Acricutture (Regional Poultry Research Lab 
oratory, East Lansing, Michigan). 7th ann. Rep., 1946, 3. 


pppea 
oncu 


Idaho agric. exp. Sta. Bull.’ MmmeS DY 








san 





ion’s 
esoul 
horit 
ives 
he | 
hasi: 
Bien 
n tk 
hey 
h dis 











384 


SCIENCE, October 24, 1 BSH 





‘hich is UN 
he Origin, 












pward a National Science Policy? 


Study Group, Washington Association of Scientists 


Washington, D. C. 





€ Fesistan 
thousand 
Latcherieg 
ir indicatg 
ated wit} 





FIER TWO YEARS IN GESTATION A 
1/4 National Science Foundation Bill emerged 
from the 80th Congress, only to be vetoed by 
» President (Science, September 12, pp. 236-239). 











sis, inducg 

L egg pr is outcome is undoubtedly puzzling to those who have 
ther tesislfim™mpllowed the course of the legislation and are aware of 
d to havin almost unanimous support for the establishment of 







ts of them strong national science policy. The paradox exists, 
usands offmmowever, only when viewed from a distance. Close 
chicks ardmmnalysis of the bills introduced into the 79th and 80th 








a schemelmmeongresses (Science, December 27, 1946, pp. 614-619), 
on of thellmpi the Congressional bearings and debates on these bills, 
breedingimmnd of the President’s veto message and the relevant 





ctions of the recent reports of John R. Steelman (1), 
pecial assistant to the President, and Attorney General 
























tion policy, or disproportionate benefits from its activi- 
ties. They insist upon a patent policy which will permit 
free public access to discoveries made with public funds 

The opposing philosophy, embodied in the original 
Magnuson Bill and, in even more extreme form, in the 
recently vetoed Smith Bill, regards science as an auxil- 
iary to the development of industry, medicine, and the 
national defense; it places complete confidence in the 
existing organizations and facilities for research and be- 
lieves that these organizations should further the de- 
velopment of science with a minimum of control by the 
elected representatives of the people. It would thus 
simply expand scientific activity in the country by en- 
larging the existing structure, concentrating support in 
well-tested organizations and centers if results may be 
thus more effectively attained. It would place control of 
the Foundation in the hands of recognized leaders in 
science, industry, and national defense, insulating it from 
the people’s representatives in the interests of security 
and immediate efficiency. 

It is clear that these differences between the two op- 
posed points of view are fundamental and underlie the 
swirl of controversy which has gone on about more 
specific issues, e.g. form of administration, inclusion of 
social sciences, geographic distribution, etc. The basic 
issue is none other than the proper role of the Federal 
Government in regulating those areas of our national 
life which are intimately related to the public welfare and 
security, in this instance the shape and scope of science. 
It is not surprising, therefore, to find that groups, or- 
ganizations, and individuals have lined up on the Na- 
tional Science Foundation very much as they have on 
atomic energy, national health insurance, Federal sup- 
port of housing, and similar issues. Science, with its 
present budget of approximately $1,000,000,000 and a 
recommended budget (Steelman report) of 1 per cent 
of the national income, can apparently no longer remain 
out of the political arena. Issues of fundamentai national 
policy are involved, issues important enough to produce 


This analysis of the present status of national science legislation, up to and including 
the Presidential veto and the subsequent Steelman report, was made by a Study group of the 


Washington Association of Scientists (a branch of the Federation of American Scientists), 
consisting of C. Grobstein (chairman), J. M. Conly, I. Feister, L. B. Heilprin, H. Olken, F. J. 
Pratt, J. W. Rowen, I. Schocken, G. R. Silbiger, R. D. Steiehler, F. J. Weiss, and L. A. Wood. 











~ lark (2) shows a sharp cleavage between two opposed 
a philosophies of the relation of science to government and 
*owliry Si, fmmociety. From the introduction in the 79th Congress of 
he original Kilgore and Magnuson Bills, which were 
th Worf Mlmmpased on two sharply divergent conceptions of the nature 
nd purposes of the proposed Foundation, down to the 
{Bit RD sidential veto of S. 526, the fundamental dichotomy 
i., 1941, 9 mmmas persisted and prevented successful completion of 
ie he legislation. *¢ 
'"""@ Inthe most general terms, the conflicting philosophies 
appear to be these. That of the original Kilgore Bill, 
». Sta. 5 loncurred in by the President and his advisers as well 
Bull, 2) Hes DY Many scientists, is based on the premise that science 
sa national resource, that its raw material is the Na- 
rt ,, JEeon's scientific manpower, and that, as a vital national 
esource, its furtherance should be entrusted to an au- 
Ba hority directly responsible to the elected representa- 
ives of the people—the Congress and the President. 
he proponents of this philosophy place primary em- 
arch Lab Mihasis upon long-range planning for the whole field of 
arch Lab Aecence to ensure the development of scientific potential 
n the widest possible basis throughout the country. 
arch Lab BT hey seek guarantees which will deny to special interests 
t disproportionate influence in formulation of Founda- 
Science Foundation Bill. 
t, 1M MESCIENCE, October 24, 1947 








The group had the advantage of being on the spot during consideration of the legislation 
by Congress, and obtained first-hand information through attendance at committee hearings 
and floor debate and through interviews and correspondence with interested legislators. 
Their analysis reveals the basic conflict which has so far prevented the passage of a National 
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an impasse between the executive and legislative branches 
of the Government, as expressed in the recent Presiden- 
tial veto. 

In actual fact, the area of agreement between the 
contending philosophies is limited to the most general 
features of the legislation. Nearly all parties concur that 
some Federal financing of science is required, that the 
responsible agency should be in civilian hands, and that 
major emphasis should be given to fundamental or basic 
research, albeit the exact definition of the latter has 
remained somewhat hazy. The necessity for increased 
training of scientific manpower also is generally sup- 
ported, as well as the importance of coordinating the 
scientific work of Federal agencies and of encouraging 
international exchange of scientific information and per- 
sonnel within the limits of national security. 

But beyond these most general features the deep 
cleavage appears, and the debate becomes bitter. The 
form of administration of the Foundation has been a 
major storm center. To many observers this has seemed 
unfortunate since, it has been said, in the final analysis 
the success of an organization depends upon its personnel 
rather than its organization chart. But the opposing 
schools of thought have sensed in this issue the crux of 
their entire difference. The Magnuson-Smith school has 
sought to design the Foundation so as to effect a mini- 
mum of change in the existing structure of science. They 
have tried to erect an administrative barrier between the 
science agency and the ordinary instruments of Federal 
authority—a barrier, in other words, which would be 
permeable to the Federal dollar but impermeable to the 
virus of Federal control. They have placed final adminis- 
trative authority in an unsalaried board consisting of 
scientists and other authorities serving on a part-time 
basis. In its most extreme form, the original Smith 
Bill introduced into the Senate of the 80th Congress, 
this board was to consist of 48 individuals. It was 
to elect from its own membership an executive com- 
mittee of 9, which would in turn select a director, the 
actual administrative head of the Foundation. It was 
this complex structure which was denounced by the 
President in his veto message as implying “a distinct 
lack of faith in democratic processes” and offering the 
danger that “it would impede rather than promote the 
Government’s efforts to encourage scientific research.”’ 

On the other hand, the Kilgore-Administration school 
believes that science has grown to such stature, and is so 
important for the national] well-being, that its manage- 
ment can be left neither to chance nor in the hands of a 
small group of private citizens, serving part-time, no 
matter how well qualified or well intentioned they may 
be. Moreover, they feel that an activity which is fun- 
damentally geared into the main drive-shafts of our 
economic and social life cannot be left free from the 
normal processes of democratic political control. Recog- 
nizing the need for protection of the freedoms of the 
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individual investigator from _ irresponsible Dolitis 
meddling, they nevertheless would firmly integrate 
National Science Foundation in the Federal gove 
mental structure. Thus, they would place the directig 
of the Foundation in a single individual, or a+ most 
small, full-time commission, appointed by the Preside 
and confirmed by the Senate, and fully responsible 
these elected representatives of the people. They y, 
retain the advantages of a larger part-time board 
establishing it in a purely advisory capacity. 

Thus, the quarrel over administration is essentigy 
one over the nature of the Foundation. The former yj 
would make of it a virtually autonomous agency, Fede 
only in its financing, quasi-governmental in structy 
The latter would make of it a truly Federal ageng 
integrated in the governmental structure and capa 
of closely coordinated action with agencies responsi 
for otheraspects of the national life—education, industy 
agriculture, defense. . 

No less sharp has been the cleavage over patent polig 
The Magnuson-Smith school seeks to avoid the proble 
by directing the Foundation to remain within the limi 
of existing patent policies and practices, executing i 
contracts “in a manner calculated to protect the publ 
interest and the equities of the individual or organ; 
tion” (S. 526) involved. The opposing school argues thy 
new problems have been created by the wide-spre 
support of research by Federal funds, and that existiy 
patent practices and policies are inadequate both 
protect free scientific publication and to insure the { 
exploitation for the benefit of the public of discover 
financed by public funds. They advocate, with ceria 
safeguards, the free availability or the free dedication« 
all patentable discoveries arising from government 
financed research. 

Again, in the matter of distribution of funds in suppa 
of research, the basic conflict is revealed with the Ma 
nuson-Smith school arguing against any specific directiy 
on the basis of population and geography, on the grow 
that such mandatory distribution would hamper 
Foundation and constitute a “‘pork-barrel’’ for all fut 
Congresses. The Kilgore-Administration school argu 
that the widest possible distribution is required in orié 
to stimulate the growth of science throughout the \ 
tion, and mandatory provision of some kind is the ot] 
guarantee against the natural tendency toward centi! 
zation of support in already well-established institutic! 
and organizations. 

Thus, after nearly three years of debate the issues! 
main undecided, the contending philosophies unrect 
ciled. It is impossible to predict at this moment wh 
new action may be expected when the 80th Const 
reconvenes. The probability of passage of political 


disinterested legislation by a Congress in a president 


election year is notoriously low. Meanwhile, new tret 


are developing, and patterns are being established i" ™ 
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lationship between science and the remainder of so- 
ciety. In spite of almost universal desire for control of 
science policy by civilians, the absence of a National 
Science Foundation is establishing control more firmly 
, military hands. It is widely conceded that we have 
been weakest in fundamental research, and that strong 
measures are required to strengthen this aspect of our 
science. But the present tendency appears to be strongly 
‘n the opposite direction, with available funds for research 
bearing on industrial, military, and health problems enor- 
mously overbalancing those available for research having 
so obvious immediate practical importance. We are in 
vrave danger that our universities will become adjuncts 
Af and recruiting grounds for, the laboratories devoted 
to application. Here again goes the goose that lays the 
golden egg. 

As scientists we cannot escape our share of responsi- 
yility for the present hazardous state. Congressmen who 
vere interviewed displayed a flattering interest in the 
views of scientists and their organizations on national 
science legislation, but many confessed their lack of 
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Cuting iffgmm knowledge of details of the legislation and stated that 
the publiamm they had had little advice from bome to guide them. 
organizéamm One remarked ruefully that, if this were a labor issue, he 
‘gues thm would have heard from every labor leader in his district. 
de-spreaffimm He was forced to conclude that scientists were not very 
t existinfi much interested one way or the other. 

both It must, indeed, be regarded as amazing that individual 
e the {ulfmscientists have made so little effort to influence the legisla- 
scoveriemmtion, considering the inescapable effect on science and on 
h certaiffmmtheir personal future that the establishment of a National 
cation d™m™mscience Foundation must have. National scientific or- 


yanizations banded together in the Inter-Society Com- 
mittee, and their representatives participated in com- 
mittee hearings. But when the chips were down and the 
individual legislators were making up their mind on how 
to vote, there was very little pressure of the kind that 
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counts—communications individuals, colleges, 
institutes, societies, and academies in the home districts. 

With the formation of the Inter-Society Committee 
at Boston in December 1946, was there a complacent 
tendency on the part of individual scientists to over- 
estimate the potential effectiveness of this organization, 
with a resulting decline in other types of activity? Have 
we misread the tactical picture assuming the issue to be 
National Science Foundation, yes or no? The Inter- 
Society Committee spoke strongly and effectively in favor 
of the establishment of a National Science Foundation, 
but was much less clear in its stand on the specific ques- 
tions which lay at the heart of the controversy and pre- 
vented a successful outcome for the bill. Do recent events 
indicate that the issue is not whether we shall have a 
Foundation, but, rather, what kind of a Foundation we 
shall have? What indeed is the proper role of the Federal 
Government in the support, planning, and direction of 
science? 

As the time for a new Congressional] session draws near 
these are the questions which occupy the minds of ob- 
servers bere in Washington. National science policy 
will be decided with or without the participation of 
scientists. But the wisdom of the decisions will in large 
measure depend upon the forcefulness with which sci- 
entists on both sides of the controversy express their 
considered judgments, both publicly and to their repre- 
sentatives, now. 
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NEWS 


and Notes 


Charles J. Vitaliano, formerly with 
the Non-Metals Section of the U. S. 
Geological Survey, is now associate pro- 
fessor of field geology at Indiana Uni- 
versity. Dr. Vitaliano, who partly re- 
places Clyde A. Malott, who retired 
on June 30, will develop the new four- 
year curriculum of training in field geol- 


ogy. 


John R. Paul, Yale University School 
of Medicine, will deliver the Gehrmann 
Lectures at the Chicago Professional 
Colleges of the University of Illinois on 
November 19-20. Dr. Paul will speak 
on ‘‘Poliomyelitis—Certain Epidemio- 
logical Aspects” and ‘Poliomyelitis— 
The Clinical Disease” at 1:00 P.M. on 
each day in Room 221, 1853 West Polk 
Street. 


Linus Pauling and George W. 
Beadle, both of California Institute of 
Technology and both Silliman Lecturers 
at the centennial celebration of the Shef- 
field Scientific School, Yale University, 
received honorary D.Sc. degrees from 
Charles Seymour, Yale president, on 
October 17. 


Haven Emerson, professor emeritus, 
School of Public Health, Columbia Uni- 
versity, will deliver an address on “‘Some 
Factors in Preventing Disease” on Octo- 
ber 28 at 4:00 P.M. in the Hunter College 
Playhouse, 695 Park Avenue, New York 
City. His address inaugurates the annual 
Margaret Barclay Wilson Memorial Lec- 
ture series, established by the Department 
of Physiology, Health, and Hygiene, 
Hunter College, as a tribute to the 
memory of its first chairman. 


William E. Wilson, of the Biology 
Department, Muskingum College, New 
Concord, Ohio, has been appointed as- 
sistant professor of botany at Miami 
University, Oxford, Ohio. 


Harry J. Fuller, professor of botany, 
University of Illinois, spent a part of the 
summer in Peru and Bolivia, collecting 
and photographing the plants of those 
two regions. 
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W. E. Caldwell and J. P. Mehlig 
have been promoted to the rank of pro- 
fessor, Ralph W. Spitzer to associate 
professor, and Allen B. Scott to assistant 
professor in the Chemistry Department 
of Oregon State College, Corvallis. 


George Polya, professor of mathema- 
tics, Stanford University, and Hermann 
Weyl, Institute for Advanced Study, 
Princeton, New Jersey, have been elected 
foreign members of the French Academy 
of Sciences. The only other living Ameri- 
can mathematician to have received this 
distinction is L. E. Dickson, professor 
emeritus, University of Chicago. 


Donald S. Farner, formerly of the 
University of Wisconsin, has been ap- 
pointed associate professor of physiology, 
State College of Washington, Pullman, 
where he will have charge of instruction 
in physiology in the College of Sciences 
and Arts. 


John Emsley Funnel, research ce- 
ramist, Products Development Depart- 
ment, Corning Glass Works, has been 
appointed ceramic engineer and economic 
geologist, Midwest Research Institute, 
Kansas City, Missouri. 


Catherine Personius, chairman, De- 
partment of Food and Nutrition, College 
of Home Economics, Cornell University, 
has been appointed assistant director, 
Cornell University Agricultural Experi- 
ment Station. 


R. C. Gutschick, formerly geologist, 
Gulf Oil Corporation, Oklahoma City, 
has been appointed assistant professor 
of geology, Division of Geology, Uni- 
versity of Notre Dame. 


Paul M. Gross, head, Department of 
Chemistry, and chairman, Research 
Council, Duke University, has been ap- 
pointed dean of the Graduate School, 
succeeding Calvin B. Hoover, who will 
continue as chairman, Department of 
Economics. 


William E. Feist, formerly develop- 
ment engineer, Cambridge Instrument 
Company, Inc., Ossining, New York, has 
been appointed assistant professor of 
electrical engineering, University of 
Missouri, School of Mines and Metal- 
lurgy, Department of Electrical Engineer- 
ing, Rolla, Missouri. 















Hermann J. Muller, Professor y 
zoology, Indiana University, lectured 
the topic, “The Production and Avoid. 
ance of Mutations,” at a dinner given iy 
his honor by the Purdue Chapters oj the 
American Society of Plant Physiologist 
Society of the Sigma Xi, and the Purdye 
Biological Society, October 20, 1947 


Visitors to U.S. 


R. C. Evans, Crystallographic Labor. 
tory, University of Cambridge, England, 
will visit this country at the invitatig 


The L 
nce OD 


of the American Society for X-Ray ay fiw he-O 
Electron Diffraction to see recent Amer. ight, « 
glamaz 


can developments in the field of crystalj. 
graphic equipment. Dr. Evans is technica 
editor of the new publication, Aq 
Crystallographica. 


{ontrea 
| stead 
1 unced 


Natio 


J. N. Van Niekerk, National Physicq 
: adisor 


Laboratory, Council for Scientific ap¢ 


Industrial Research, South Africa, js pnsider 
now visiting the United States and e. ationa 
hich 


pects to remain here until January 194 
e aw 





F. R. N. Nabarro, University of Hiutstan 
Bristol, is coming to the United States to HBS dogs 
inspect metallurgical work in this country. HiMmay su 
Dr. Nabarro, whose visit is sponsored by Hog W 
the Royal Society and the British Iron HiPhe ju 
and Steel Research Association, plans to HiMElvehje 
remain here about three months. rersity 

W. J. Lutjeharms, professor «i we: 
botany, University College of the Orang me 
Free State, arrived in this country in Keele. 
August on a grant from the South African Hi... 
Council for Scientific and Industrial Re- Washi 
search. we 

A. C. Riddle, physical chemist, Build Minne 
ing Research Station, Department oi Mi yw, 
Scientific and Industrial Research, Eng- staff 
land, is now in the United States doing we 
chemical liaison work for the United Instit 
Kingdom Scientific Mission. me 

F. X. Laubscher, senior research velop) 
officer, Department of Agriculture, South The 
Africa, and in charge of plant breeding i Harol 
work, College of Agriculture, Potchel- (m4 | 
stroom, is in this country to investigate tate, 
fiber production and to visit experiment in Le 
stations where corn-breeding is being Mr. 
done. Mr. Laubscher leaves for New iim Insti 
Zealand and Australia at the end of this J “ys 
month. om 

most 

Werner Nowacki, University of Bere, regul 
Switzerland, who lectured on “The Dis quar 
tribution of Crystal Structures Among excer 
the Space Groups, and the Symmetly prev 

locat 
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Ofessor F 


inci nic Crystals,’’ Septem- 
ectured oie ciples of Orga ry p 


: 22 at Alabama Polytechnic Insti- 


ey Avoid 2, is NOW returning to Switzerland 
: ven i a visiting many American laboratories 
ap ofthe i working for 6 months with the crystal 
ele ysis group, under the direction of 
hi bus Pauling, at the California Institute 
: Technology - 
rants and Awards 

C Labor. 

“te The Laurentian Hormone Confer- 
dimed nce on September 12 conferred the 
Ray a che-Organon Awards on Fuller Al- 
it Amer ight, of Boston, Dwight J. Ingle, of 
rystall. slamazoo, and R. D. H. Heard, of 
techni fontreal. The Awards were of $500 each, 
n, Adj stead of the amounts erroneously an- 


punced in Science, September 5. 
























Physicq MN National ~=Dog Week, Inc., 424 
ific and adison Avenue, New York City, is now 
rica, js osidering candidates for the $2,000 
and ex. ational Dog Week research award, 


hich will be presented early in 1948. 
he award will be given for the most 
utstanding contribution to the welfare 
bi dogs during the year 1947. Candidates 
ay submit their reports to the National 
Dog Week or be nominated by a friend. 
The jury on awards is made up of C. A. 
lvehjem, dean, Graduate School, Uni- 
ersity of Wisconsin; A. ©. Ivy, vice- 
president, Chicago Professional Colleges, 
University of Illinois; W. A. Young, Anti- 
ruelty Society, Chicago; James H. 
Steele, chief, Veterinary Public Health 
Section, U. S. Public Health Service, 
Washington, D. C.; and Carl F. Schlott- 
hauer, Mayo Foundation, Rochester, 


ry 1948, 


sity of 
tates to 
ountry, 
red by 
sh Tron 
lans to § 


or of 
Jrange 
try in 
\frican 
al Re. 


Build. Hi Minnesota. 
ie Warren A. Marrison, of the technical 
hind staff, Bell Telephone Laboratories, has 
ited been awarded the British Horological 
Institute’s Gold Medal for 1947 in recog- 
nition of pioneer researches in the de- 
-arch velopment of the quartz crystal clock. 
outh Hi The medal will be presented by Sir 
ding Harold Spencer Jones, Astronomer Royal 
chel- and president, British Horological Insti- 
gate tute, at its 89th annual general meeting 
nent in London, October 29. On November 6, 
eing Mr. Marrison will lecture before the 
New Institute on “The Evolution of the Quartz 
this Je Crystal Clock.” The quartz crystal clock, 
as now developed, has become the world’s 
most accurate timekeeper. Its rate is 
ay regulated by a control unit made from 
is TAB quartz crystal, the stability of which 
7 exceeds that of all other control devices 
any Previously used. A clock of tk‘- type, 
a located at Bell Telephone Laboratories 
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headquarters, New York City, is accurate 
to well within a second a year. 


The American Pharmaceutical 
Manufacturers’ Association will 
present its 1947 scientific award to the 
American Medical Association at its 
midyear meeting to be held December 
15-17 in New York City. This award is 
made annually, on nomination by a 
scientific advisory committee, for a 
fundamental research contribution to 
public health in the field of drug therapy. 
Previous recipients have been the Mayo 
Foundation for Medical Research (1946); 
the Rockefeller Institute for Medical 
Research (1945); the National Research 
Council (1944); and Alexander Fleming 
and Howard W. Florey (1943). 


Colleges and Universities 


Iowa State College has recently 
awarded 6 Master of Science degrees in 
agricultural climatology, a new course 
which has been worked out as a coopera- 
tive venture between the College and the 
U. S. Weather Bureau. Plans for the 
course, leading to M.S. and Ph.D. degrees 
in agricultural climatology, were initiated 
in the fall of 1944 by H. C. S. Thom, 
U. S. Weather Bureau, in cooperation 
with R. E. Buchanan, dean, Graduate 
School, and director, Iowa Agricultural 
Experiment Station, and W. H. Pierre, 
chairman, Section in Agronomy, Agricul- 
tural Experiment Station. Five of the grad- 
uating students were assigned to positions 
in the Weather Bureau, while the sixth 
will return to Brazil to resume teaching 
in the Minas Gerais State College of 
Agriculture. 


The Ohio State University has re- 
cently created the Julius F. Stone Re- 
search Professorship in Physics in memory 
of the late Julius F. Stone, chairman 
emeritus, Board of Trustees, for more 
than 20 years until his death, July 25, 
1947. The new professorship, which has 
not yet been filled, will have special 
reference to nuclear physics, the funda- 
mental relationships between matter and 
energy, and the biological and medical 
applications of radiations. 


The Department of Psychology, 
University of New Mexico, has three 
recent additions to its staff. James C. 
Coleman, University of Kansas, and 
Morton J. Keston, University of Minne- 
sota, have been appointed assistant pro- 
fessors; and David T. Benedetti, grad- 


uate assistant, University of New Mexico, 
has been named instructor. 


The University of Tennessee has 
added the following new members to its 
Department of Botany: Russell B. 
Stevens, Alabama Polytechnic Insti- 
tute; J. Herbert Taylor, University of 
Oklahoma; Lowell F. Bailey, TVA 
Forestry Laboratory; Shirley Hoover 
Taylor, University of Oklahoma; Fred- 
erick H. Norris, Ohio State University; 
and Kenneth A. Wagner, University 
of Michigan. 


The University of Minnesota has 
made several recent changes in the staff 
of its Department of Botany. A. Orville 
Dahl has been named chairman of the 
Department succeeding Ernst C. Abbe, 
who has completed his three-year term 
in that office, and who will continue as 
professor of botany. Donald B. Law- 
rence has been promoted from assistant 
to associate professor and R. M. Tryon, 
Jr., from lecturer to assistant professor 
and curator of the Herbarium. Allan 
H. Brown, University Chicago, 
Harlan P. Banks, Acadia University, 
and Albert W. Frenkel, 
Rochester, have been appointed assistant 
professors, and Gerald B. Ownbey, 
Missouri Botanical Garders, 


of 


University of 


instructor. 


The University of Oregon has re- 
cently made several faculty appoint- 
ments and promotions. In the Depart- 
ment of Anthropology, Daniel S. 
Davidson, formerly of the University of 
Pennsylvania, has been appointed asso- 
ciate professor and assistant curator of 
Anthropology, and Robert F. Spencer, 
Reed College, has been appointed assistant 
professor. Eugene P. Cooper, formerly 
research physicist, Naval Ordnance Test 
Station, Inyokern, and Frederick W. 
Paul, Institute of Optics, University of 
Rochester, have joined the Department 
of Physics as associate professors. Clar- 
ence W. Clancy has been promoted to 
associate professor, and I. M. Newell to 
assistant professor, in the Department of 
Biology. 

The Department of Biology, Uni- 
versity of Colorado, has added Edwin 
R. Helwig, Department of Zoology, 
University of Pennsylvania, and T. Paul 
Maslin, formerly of Colorado State A. 
& M. College, as assistant professors. 


Santa Barbara College, University 
of California, has made several recent 
changes in its Department of Biological 
Sciences. Mary M. Erickson, assistant 
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professor of biology, has been promoted 
to associate professor of zoology, and 
James L. Walters and Roscoe C. Main 
have been appointed instructors in botany 
and zoology, respectively. 


The University of Texas has made 
the following appointments in its De- 
partment of Chemistry: L. O. Morgan, 
formerly with the Manhattan Project at 
the Universities of Chicago and Cali- 
fornia and co-discoverer of the element 
Americium, has been appointed assistant 
professor; Royston M. Roberts, re- 
cently of the University of California at 
Los Angeles, has been appointed assistant 
professor; and Frank Field, Duke Uni- 
versity, has been appointed instructor. 


At the College of Medicine, Uni- 
versity of Nebraska, there have been a 
number of faculty changes. Harold E. 
Eggers, chairman, Department of Pa- 
thology and Bacteriology, has retired; J. 
P, Tollman has been appointed professor 
of clinical pathology and chairman, De- 
partment of Clinical Pathology and Bac- 
teriology; John R. Schenken, formerly 
head, Department of Pathology, Loui- 
siana State University, and pathologist, 
Nebraska Methodist Hospital, Omaha, 
has been appointed professor of pathol- 
ogy and acting chairman, Department of 
Gross and Microscopic Pathology; Pliney 
Allen, formerly associated with Louisiana 
State University and Pratt Diagnostic 
Hospital, Boston, has been appointed as- 
sistant professor of pathology, and pathol- 
ogist, Immanuel Hospital, Omaha; and 
Robert M. Allen, University of Minne- 
sota, has been appointed assistant pro- 
fessor of bacteriology. 


Meetings 


The Fifth Annual Pittsburgh Con- 
ference on X-Ray and Electron Dif- 
fraction, sponsored by the Mellon In- 
stitute and the University of Pittsburgh, 
will be held November 7-8 at the Mellon 
Institute, Pittsburgh, Pennsylvania. The 
first session, beginning at 9:40 A.M. 
Friday, will be a symposium on “Inter- 
stitial Compounds and General Papers.” 
At 2:00 P.M. Friday, the subject of the 
session will be “X-Ray and Electron 
Diffraction Studies at High Tempera- 
tures.” A dinner will be held at the 
Faculty Club, University of Pittsburgh, 
on Friday evening, after which Sterling 
8. Hendricks, principal chemist, U. S. 
Department of Agriculture, will speak 
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on “Crystal Structure and Lattice Ter- 
mination in Clays and Related Products” 
at the Mellon Institute Auditorium. The 
Saturday morning session will be a sym- 
posium on “Lattice Imperfections and 
General Papers.” Saturday afternoon’s 
symposium will be on the topic, “Geiger- 
Counter X-Ray Spectrometer Studies.” 


The Alabama Polytechnic Insti- 
tute, in cooperation with the Oak Ridge 
Institute of Nuclear Studies, will hold 
a three-day conference on “The Use of 
Radioactive Isotopes in Agricultural 
Research” on December 18-20, at 
Auburn, Alabama. The program will 
include: “Techniques of Tagged Atom 
Research,” W. A. Arnold, Clinton 
Laboratories, Oak Ridge; “Radioactivity 
and Radioisotopes,” Fred Allison, Ala- 
bama Polytechnic Institute; “Isotopes 
Available for Research,” Paul C. Aeber- 
sold, AEC, Oak Ridge; “The Measure- 
ments of Radiations by Various 
Methods,” Paul W. McDaniel, AEC, 
Washington, D. C.; “Protective Pre- 
cautions in the Handling of Radioactive 
Materials,” G. William Morgan, AEC, 
Oak Ridge; “Contributions of the Atomic 
Energy Commission to Agricultural 
Research,” John C. Franklin, AEC, Oak 
Ridge; “Agricultural Research With 
Radiophosphorus,” S. B. Hendricks, 
Bureau of Plant Industry, Beltsville, 
Maryland; “Studies of Chlorosis Using 
Radioactive Phosphorus and _ Iron,” 
Orlin Biddulph, State College of Wash- 
ington; ‘Agricultural Research With 
Radioactive Sulfur and Arsenic,” M. D. 
Thomas, American Smelting and Refining 
Company, Salt Lake City; Demonstra- 
tion of a typical tracer experiment, 
Wendell C. Peacock, Clinton Labora- 
tories, Oak Ridge; “Atomic Energy 
Radiations and Plant Nutations,” S. J. 
Sadler, University of Missouri; “Use of 
C™“ for Tracer Research,” Howard B. 
Skipper, Southern Research Institute, 
Birmingham, Alabama; “Nutrition Stud 
ies With Radiocobalt,” J. G. Davis, 
University of Florida; and topics to be 
selected, by G. Harold Copp, University 
of California. The attendance, through 
special invitations, will consist of repre- 
sentatives largely from the southeastern 
states. 


The American Association of Phys- 
ics Teachers will hold its 17th annual 
meeting December 29-31 at the Univer- 
sity of Chicago in cooperation with the 
AAAS and the American Physical Soci- 








ety. The 7th Richtmyer Memoria} 
ture will be given at the meeting, and 
Oersted medal will be presented. Th 
desiring to present papers must subm 
titles and abstracts, typewritten doy 
spaced and in triplicate, by November} 
to the program chairman, J. W. Bucht 
Department of Physics, University , 
Minnesota, Minneapolis 14, Minneg, 
Programs of this meeting wil] be mailed 
to all Association members soon af, 
November 10. Members who have by. 
ness for the Executive Committee, whi 
will meet in December, should present; 
in writing to the secretary, C. J. Oye, 
beck, Northwestern University, bey, 
December 1. 


The American Mathematical % 
ciety held its 53rd summer meeting 
Yale University September 2-5, in cm. 
junction with meetings of the Math. 
matical Association of America and th 
Institute of Mathematical Statistix 
T. R. Hollcroft, associate secretary, n. 
ports that over 700 persons attended 
including 443 members of the Society, 
Oscar Zariski, Harvard University, de. 
livered the four Colloquium Lectures on 
“Abstract Algebraic Geometry,” and 
S.S. Wilks, Princeton University, gave an 
address entitled “Sampling Theory of 
Order Statistics.” A total of 149 research 
papers were presented, 73 in person and 
76 by title. At the meeting of the Counc 
of the Society, Tuesday evening, and 
also at a business meeting of the Society, 
it was announced that the late Ms 
John Irwin Hutchinson had made 1 
bequest of $1,000 to the Society in 
memory of her husband, professor 
mathematics at Cornell University who 
had been associated with the University 
from 1894 until 1935, one of the first 
cooperating editors of the Transaction 
of the Society, and vice-president in 1910. 


The Rocky Mountain Laboratory, 
Hamilton, Montana, was host to the Io 
ternational Great Plains Conference 
Entomologists, August 11-13, and to the 


International Northwestern Conferent | 


on Diseases of Nature Communicable to 
Man, August 13-16. Participants preset! 
were from 13 states and the District 
Columbia, four Canadian provinces 


Spain, Holland, India, and Mexico. TW 


programs included tours of the Labor 
tory, visits to Montana State University, 
and lectures and discussions of interest ® 
those in attendance. 
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NRC News 






“personnel and Training Problems 
Created by the Recent Growth of 
Applied Statistics in the United 
States” is the title of a report recently 
prepared by the Committee on Applied 
{Mathematical Statistics of the NRC. 
Chairman of the group is Luther P. 
Fisenhart, forn.er chairman, Division of 
Physical Sciences, NRC, and the secre- 
ane is Samuel S. Wilks, professor of 
mathematical statistics, Princeton Uni- 
versity. Other members include: Chester 
1. Bliss, Connecticut Agricultural Ex- 
periment Station; Edward U. Condon, 
National Bureau of Standards; Harold 
0. Gulliksen, Princeton University; 
Lowell J. Reed, Johns Hopkins Univer- 
sity; Charles F. Roos, The Econometric 
Institute, Inc.; Walter A. Shewhart, 
Bell Telephone Laboratories; Hugh M. 
Smallwood, U. S. Rubber Company; and 
Frederick F. Stephen, Cornell University. 

As a simple indication of growth of 
interest in statistical methods, the Com- 
mittee describes the formation and recent 
growth of statistical organizations. The 
American Statistical Association, founded 
more than 100 years ago had a member- 
ship of 1,700 in 1935. By the end of 
1946 it had nearly 4,000 members. The 
Institute of Mathematical Statistics, 
formed in 1935 to promote the develop- 
ment of statistical theory, had 900 





| members by the end of 1946. The Econ- 


ometric Society, with a membership of 
more than 750, was organized in 1930 
to promote the application of mathe- 
matics and statistical methods in econom- 
ics. The Psychometric Society, a similar 
organization for psychology, was or- 
ganized in 1935 and now has more than 
200 members. The Biometrics Section 
of the American Statistical Association, 
formed in 1938 for sponsoring similar 
work in the biological sciences, now has 
more than 1,100 members. The most 
recent statistical organization is the 
American Society for Quality Control, 
which is concerned with applications of 
statistical methods in industry. Organized 
early in 1946, it now has approximately 
2000 members, mostly engineers. There 
are other organizations with considerable 
interest in statistical methods such as the 
American Marketing Association, Ameri- 
can Public Health Association, American 
Sociological Society, and Population As- 
sociation of America. 
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According to the report, there is a 
heavy demand for both academic and 
nonacademic statistical personnel. Non- 
academic fields which account for most of 
the recent growth of interest in statistical 
methods are: (1) industrial statistical 
control (in quality control, research, and 
development), (2) research in the bio- 
logical sciences, (3) collection and analyses 
of government statistics, (4) market 
research and commercial surveys, and 
(5) psychological testing. Each is dis- 
cussed in some detail. Demands are con- 
tinuing and increasing for statistical per- 
sonnel in some of the older fields such as 
finances and taxes, labor and employ- 
ment, prices and production. Demands 
for more statistical training for social 
scientists are increasing. 

The Committee made an inquiry among 
30 leading authorities at 27 universities 
in mathematical and applied statistics as 
to requests received for statistical per- 
sonnel for a period of approximately 6 
months after the end of the war. These 
authorities reported a total of 135 re- 
quests for personnel for academic posi- 
tions in mathematical and applied sta- 
tistics ranging from instructorships to 
full professorships. No attempt was made 
to have each respondent identify each 
request so as to eliminate duplication. 
But one person reported that he had re- 
ceived requests from 21 college and uni- 
versity mathematics departments for 
Ph.D.’s in mathematica] statistics. An- 
other reported 12 requests for Ph.D.’s 
in agronomy with minors in statistics. 
Ninety requests from government agen- 
cies and 140 from industry were reported. 
The training requirements for these re- 
quests ranged from B.A.’s to Ph.D.’s in 
mathematical and applied statistics. 

At least a rough comparison may be 
made between demands for personnel in 
mathematics, physics, and statistics. As 
of December 31, 1945, the National 
Roster of Scientific and Specialized Per- 
sonnel had registrations of 9,972, 9,608, 
and 2,018 in mathematics, physics, and 
statistics, respectively. From September 
1, 1945, to May 31, 1946, the numbers of 
requests for personnel in these three 
fields per 1,000 persons registered were 
4.4, 23.9, and 30.7, respectively. 

More than a third of the report is 
devoted to problems of education and 
training in statistics, which were dis- 
cussed at both the undergraduate and 
the graduate level. It was stated that 
although substantial progress had been 
made in the teaching of statistics at the 


graduate level in a number of universi- 
ties, it was still inadequate to meet the 
growing demands for statistical personnel. 
The Committee charged that the teach- 
ing of statistics at the undergraduate 
level was still in a very chaotic condition. 
Graduate teaching in mathematical sta- 
tistics is more standardized than that in 
applied statistics. Basic requirements in 
mathematics for graduate training in 
mathematical statistics were listed as 
follows: real and complex variables, linear 
and quadratic forms, matrix algebra, 
n-dimensional Euclidean geometry, meas- 
ure and integration theory. The courses 
are essential for the theory of probability 
which is the foundation for courses in 
advanced mathematical statistics cover 
ing distribution theory, estimation the- 
ory, testing of statistical hypotheses, 
and multivariate statistical theory. 

Of the 27 universities included in the 
inquiry, only 10 claimed a graduate 
program leading to a Ph.D. degree in 
mathematical statistics, and 14 an ade- 
quate training program at the advanced 
level for some field of applied statistics 
Only 4 of the universities have special] 
stipends for graduate work in mathe- 
matical statistics. The situation in ap- 
plied statistics is hardly any more ade- 
quate. 

The Committee emphasized the 
duplication of material in elementary 
statistics courses as they are now taught 
in various departments of a given college 
or university, as well as the heterogeneity 
of the quality of teaching. The opinion 
was expressed that the standardization and 
improvement of the teaching of statis 
tics at the undergraduate level is a basic 
requirement for the solution to the prob- 
lem of training statistical personnel. Spe- 
cifically, it proposes that there should be 
developed a basic course in statistics at 
the freshman level for students who will 
go into the natural and social sciences, 
standardized to the same extent as intro 
ductory courses in mathematics, physics, 
and chemistry. 

According to the Committee, one o! 
the most puzzling problems regarding 
statistics is how it should be organized | 
within a university. Two plans 
tried out at certain universities were dis 
cussed: (1) the statistical laboratory and 
research center which would serve as 
an informal campus statistical 
and (2) the department of statistics 
Plan (1) is necessarily rather informal 
and depends for its success on the volun 
tary cooperation of 


peng 


center, 


personnel from 


sO] 





various departments who are interested 
in research and teaching of statistics. 
Plan (2) would be more formal and de- 
sirable, but its success would depend on 
joint membership of its personnel with 
other departments. This is particularly 
important for the effective teaching of 
applied statistics, which should be carried 
out in conjunction with departments 
interested in applications of statistical 
methods. 

The Committee summarized its con- 
clusions as follows: 

(1) There should be developed a basic 
introductory course in statistics at, pref- 
erably, the freshman level for colleges 
and universities throughout the country. 

(2) The laboratory work in the average 
course in statistics is inadequate, par- 
ticularly at the elementary level; ex- 
perimental work should replace much of 
the computation at this level. 

(3) The minimum requirement in ef- 
fective organization is a central statis- 
tical laboratory with which all of those 
teaching or doing research in statistics 
would be associated, even though in- 
formally in some cases. 

(4) More success is to be expected from 
a department of statistics associated with 
a statistical laboratory, and having some 
members in common with other depart- 
ments. 

(5) The number of institutions needed 
for giving first-class training through the 
graduate level are: (a) 5-10 in mathe- 
matical statistics, (b) 25-30 in varying 
fields of applied statistics. 

(6) Aninstitution giving complete train- 
ing in either mathematical or applied 
statistics should give some training in the 
other. 

(7) Institutional stipends for graduate 
students specializing in mathematical and 
applied statistics are inadequate. 

(8) In strengthening its statistical work 
at the advanced and research levels, any 
given university should consider which 
field it can develop most effectively, so 
as to avoid duplication and inefficiency 
from a national point of view. 

(9) The immediate critical shortage of 
highly qualified teachers can be eased 
only by suitable training of high-grade 
personnel now in fields of application, or 
mathematics. 

(10) An adequate number of postdoc- 
toral fellowships in statistics is needed. 

(11) Arrangements should be estab- 
lished whereby postgraduate students, 
research workers, and teachers on leave 
would be able to obtain work experience 


392 


in certain government agencies, indus- 
trial laboratories, and business research 
organizations. 

(12) To help offset the present critical 
shortage of qualified personnel in applied 
statistics, it would be desirable to promote 
conferences at advanced levels and short 
courses at the elementary level in various 
helds. 


Recent Deaths 


Ole A. Nelson, 55, Battelle Memorial 
Institute staff member in charge of re- 
search activities on metals and chemicals 
in agriculture, died September 17 follow- 
ing an extended illness. 


José F. Nonidez, 55, professor of 
microscopic anatomy, University of Geor- 
gia Medical School, and formerly pro- 
fessor of anatomy, Cornell University 
Medical College, died in Augusta, Geor- 
gia, September 27, after a brief illness. 


Frederic Lendall Bishop, 71, pro- 
fessor of physics, University of Pitts- 
burgh, since 1909, died October 10 at his 
home in Fox Chapel Manor, Pennsyl- 
vania. 


Ellsworth Huntington, 71, research 
associate in geography at Yale Univer- 
sity until his retirement in 1945, died 
October 17 at his home in Hamden, 
Connecticut. Dr. Huntington had been 
a member of the Yale faculty since 1907. 





The American Institute of Physics, 
57 East 55th Street, New York City, 
plans to publish a new monthly journal 
in physics which will be designed to fill 
part of the gap now existing between 
technical journals and popular science 
magazines. David A. Katcher, Naval 
Ordnance Laboratory, Washington, D. C., 
has been appointed editor of the as yet 
unnamed magazine, which will make its 
appearance early in 1948. 


The Loyal Order of Moose has ap- 
pointed a National Advisory Council for 
Research in Gerontology for the Fra- 
ternity’s city for the aged at Moosehaven, 
Florida, near Jacksonville. The members 
of the Council include: Allan G. Brodie, 
dean, University of Illinois College of 
Dentistry, Chicago; Anton J. Carlson, 
emeritus professor, Department of Phys- 
iology, University of Chicago; Louis J. 


Haas, director, Men’s Therapeutic Occ. 


pations, New York Hospital, Whit 
Plains; George Lawton, Consulting pe, 
chologist, New York City; S. L, Pra 
president, Division on Maturity and ¢j 
Age, American Psychological Associa 
tion, Ohio State University; Martin | 
Remert, director, The Moosehear Lab, 
oratory for Child Research; and N, y 
Shock, chief, Gerontology Section, Balt 
more City Hospitals. 

The well-known Mooseheart Labor. 
tory for Child Research, in Illinois & 
tablished by the same organization 1; 
years ago, has provided facilities for ». 
search in human development which hay: 
been utilized widely, and it is hoped thy 
a similar arrangement may be made with 
respect to the new development. Jp. 
quiries may be addressed to Dr. Reymer, 


The South African Association fo; 
the Advancement of Science js joy 
publishing and editing South Africa 
Science, a monthly bulletin devoted t) 
affairs of the Association, preliminay 
announcements of new discoveries, short 
communications, book reviews, longer 
articles, and so on, which will appear in 
English or Afrikaans, depending on the 
language in which they are received. The 
bulletin, the first issue of which appeared 
in August, is free to members of the Asso- 
ciation; others may subscribe at 15/- 
per year. Further information with respect 
to contributions and subscriptions may 
be obtained from The Editors, Sowh 
African Science, P. O. Box 6894, Jo- 
hannesburg. 


Make Plans for— 


American Institute of Electrical 
Engineers, Midwest General Meeting, 
November 3-7, Chicago, Illinois. 


American Institute of Chemica 
Engineers, November 9-11, Detroit 
Michigan. 







National Committee for Menta 
Hygiene, November 12-13, Hotel Pent- 
sylvania, New York. 


American Society of Animal Pro 
duction, November 28-29, Chicago. 





American Association for the 
Advancement of Science, 114th 
Meeting, December 26-31, Chi- 


cago, Illinois. 








—_< 
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nd N.\ iiementary Effect of Arginase in the 

dee veight Physiology of the Mouse 

t Labor. W. G. Trons and O. B. WIswWELL 
llinois, ¢s : 
zation Department of A natom y, College of Dentistry, 
ies for re. University of California, San Francisco 
hich have A series of experiments dealing with the effect of arginine 
oped thet HME .d its enzyme, arginase, upon growth and repair in the mouse 
nade with bs been the subject of a preliminary report (/). It was noted 
nent. Ip. hat administration of arginase intraperitoneally resulted in 
Reymer, HM .ystemic effect observable in a corresponding weight curve. 
tion for Further substantiation of this phenomena has been obtained 
© is nov Mend will be the subject of this report. 

Africa Two series of animals have been used. Results from the 
voted t irst, 20 white mice of the Hamilton strain, with 20 controls, 
pliminary vere obtained in January 1946. These were normal, hardy 
es, short shite mice. Results from the second series, 20 C3H strain 
vo vith the same number of controls, were obtained in March 
ppear i 1947. This strain of mice was bred to develop tumors. The 
x on the rocedure upon both groups was identical, with the exception 
ved. The hat the arginase used on the first series was obtained from the 
uppeared 
he Asso- Ps reed el 
at 15)- 7 ue 
h respect 4 ie 
ms may . agate i ee 
, Soult A es 
04, Jo BS Ws se 5 de Ve: 

f , 
8 a igoee:, a 
a4 yo eo 5. 
yy "til 5 ail f 40 AUGROUP 
2 Bo ao 
Re. $ Pacino 
-ctrical of as ¥ § ON mun lelONn vee 
leeting, i } 
Jae ons 20Sr-INIECTION a = 
emical Fic. 1. Hamilton strain. 
Detroit, 


Biochemistry Laboratories of the University of California, and 
that used on the second series was prepared in our own labora- 
tories. The same unit dosage was used in both instances. 

In the first and second series the animals were divided into 
groups of 10. One group received 40 AU (arginase units) 
f 2) and a second group, 60 AU. Each animal was weighed prior 


Aental 
Penn- 








| Pro- 
















0. to injection and at the same hour daily thereafter. (Minor 
___,. i ePtions are indicated in Figs. 1 and 2.) The injections were 
given intraperitoneally in the lower abdominal region. 
he Although a year elapsed between the two series, similar 
ith Corresponding curves were obtained; and, in all animals in- 
hi- ected, a lesion developed at the sight of injection upon the 

th day. 
ae The weight charts indicate weight in grams and days post- 
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injection of Series I and II, respectively. It will be observed 
that in the two groups of the first and the second series re- 
ceiving 40 AU there was a weight deviation in the first 24-hour 
period of 0.9 gram and 0.8 gram, their injection-day weight 
being regained between the 3rd and 4th day. The two groups 
receiving 60 AU showed a weight deviation in the first 24-hour 
period of 2.6 grams and 2.0 grams, respectively. These did not 
regain their injection-day weight until late in the 7th or early 
in the 8th day. The lesion mentioned above developed in all 
of the injected groups on the 8th day. In the first series, both 
the 40 AU and the 60 AU groups manifested the lesion by a 
loss of hair around the injection site, followed in a progressive 
manner by a complete autolysis of the skin, abdominal mus- 
culature, and fascia to (but not including) the peritoneum, 
reaching this point upon the 11th day post-injection. In the 
second series, the 40 AU group showed a loss of hair, but 
further autolysis did not occur. The 60 AU group of this 
series, however, did develop the complete lesion as described. 

The loss of hair on the 8th day is the first indication of any 
physiological reaction other than the weight change. The 
denuded surface shows no evidence of an inflammatory pro- 
cess. In the animals that experienced autolysis, the lesion 
maintained a sterile appearance during its entire progress. 
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Fic. 2. C3H strain. 


No rubor, suppuration, exudate, or swelling was in evidence. 
Regeneration appeared at the periphery, and the area covered 
over with a resultant permanent scar and loss of hair. The 
weight then tended toward normal. 

The following conclusions may be drawn: 

(1) The AU dosage is proportional to the time necessary for 
the animal to regain its injection-day weight. 

(2) The differential in the primary weight loss of each of the 
two dosage-related groups indicates that there is a greater 
ratio of free arginine in the C3H tumor-producing strain 

(3) The greater arginine ratio in the C3H strain requires a 
slightly higher amount of arginase than the 40 AU used to 
produce the complete lesion. 

(4) Re-establishment of the preinjection arginine-arginase 
balance in the intercellular fluid begins at the periphery of the 
lesion where the greatest dilution of the enzyme occurs. While 








the injection was made intraperitoneally, the lesion results 
from an amount of the enzyme spreading about the trauma 
produced by the insertion and removal of the needle. 

(5) The introduction of a suitable amount of arginase into 
the system buffers the arginine of the body, and, when into 
the tissues directly, inhibits the action of this substance in 
normal cell metabolism. 
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Antibiotic Compound Isolated From the 
Lichen Ramalina reticulata 


A. Marsuak, G. T. Barry,! and L. C. Craic 


Tuberculosis Control Division, U. S. Public Health Service, and 
The Rockefeller Institute for Medical Research, New York City 


Experiments conducted during the period July 1945—Janu- 
ary 1947 showed that a crystalline substance isolated from 
Ramalina reticulata had in vitro antibiotic activity against a 
variety of gram-positive organisms and some acid-fast bacteria, 
including Mycobacterium tuberculosis hominis, but not against a 
number of different gram-negative organisms tested. In vivo 
tests with mice infected with pneumococcus gave negative re- 
sults, while similar tests with tuberculous guinea pigs showed 
significant retardation of the progress of the disease (6). 

Addition of base did not yield simple solutions of the lichen 
acid, and on the basis of this observation V. C. Barry suggested 
that the compound isolated might be usnic acid (/), shown to 
be a common constituent of many lichens. 

The comparative studies described below were made with a 
sample of usnic acid received from V. C. Barry and isolated 
from Cladonia sylvatica {[L] Harm. emend. Sandst. 

The empirical] formula (5) for usnic acid is given as CiglH607 
(C: 62.79, H: 4.65]. The compound isolated from Ramalina 
reticulata gave the analytical figures [C: 62.88, H: 4.61], as 
previously reported, in excellent agreement with the above 
empirical formula. As doubt existed concerning the purity of 
the parent compound, an attempt was made to prepare a 
methoxy] derivative with diazomethane. It did not crystallize, 
but upon distillation in a molecular still gave analytical data 
[C: 65.75, H: 5.26, OCH: 9.50] which fitted the empirical for- 
mula CisHyOs (6). However, as the fractionally distilled 
methoxy! derivative was not crystalline, its homogeneity was 
also questionable. 

A study was made of the homogeneity of the parent com- 
pound isolated from Ramalina reticulata by the method of 
countercurrent distribution (4). Sixty mg. of the material was 
distributed in a 24-tube countercurrent distribution machine, 
using a system containing 20 per cent cyclohexane and 80 per 
cent benzene as the upper layer and 10 per cent water and 90 
per cent methanol as the lower layer, the two phases having 
first been equilibrated with each other before being used for 
the distribution. The volumes of the two phases were 12 cc. 
(upper phase) and 8 cc. (lower phase), giving an operational 
distribution ratio, K, of 0.41. In Fig. 1 is shown a 24transfer 
distribution pattern of the substance. The concentration in 


1 Fellow of the Nationa] Institute of Health and visiting investigator at 
the Rockefeller Institute for Medical Research. 
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each tube was determined by absorption at 284 MY using 4 
Beckman spectrophotometer. From the nearly complete ¢y 
spondence with the theoretical curve it can be concluded ty 
the material is apparently homogeneous, and therefore the en 
pirical formula can safely be derived on the basis of the analy 
of the original compound isolated rather than the doubttyt 
methoxy] derivative. 

The molecular weight of the compound as determined fron 
the methoxyl content in the methoxyl derivative and }y ' 
alkali acetone titration of the parent compound was about 31) 
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This value favors a compound with an empirical formu 
CiyeHyO¢ (M., 302) rather than CygH,O; (M., 344) (6). How. 
ever, since the acetone titration method employed can be cov 
sidered valid only to within 5-10 per cent, the value 344 cou 
still be considered possible as the molecular weight for tk 
compound isolated from Kamalina reticulata. The coincidental 
similarity of the molecular weights as determined by the tw 
methods first led the authors to consider the lower empiria 
formula. The later homogeneity study performed on the paret! 
compound and the additional evidence given below now /avor 
CisH,sO; as the more probable value. , 

Usnic acid has been reported to melt in the range of 191-25 
(3,7). The compound isolated from Ramalina reticulate wis 
reported to melt at 193-194° and showed a melting point sim 
lar to the compound received from V. C. Barry and isolatti 
from Cladonia sylvatica. The melting point of the mixture? 
the two compounds showed no depression. 

The ultraviolet absorption spectrum of the compound {ros 
Ramalina reticulata (Fig. 2) was similar to that of the com 
pound isolated from Cladonia sylvatica. The absorptitt 
maxima are at 226-230 my and at 284 mu. 

The optical rotation for the compound from Ramalina rdic 
lata in chloroform was {aj}; = +498°, which corresponds to th 
value +495° reported for d-usnic acid (4, 5). The compous 
isolated from Cladonia sylvatica gave an [aly = — 208s 
chloroform and was considered to be the racemate of ust! 
acid with a small admixture of the |-form (2). } 

A study of the adsorption spectrum in the infrared reg” 
was made by Konrad Dobriner, of Memorial Hospital, \« 
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Further investigations made by X-ray diffraction analysis 
ol the two compounds by J. D. Bernal and I. Fankuchen indi- 
ated identical crystal structures. A more detailed account of 
their studies will be published elsewhere. 

The results previously published (6) on én vitro inhibition of 
growth of various bacteria by the compound from Ramalina 
reliculata agree in general with those of Stoll and co-workers 
7). Inhibition of gram-negative organisms is not obtained 
except at relatively high concentrations, while gram-positive 
rganisms are inhibited by low concentrations. Human and 
oovine tubercle bacilli are inhibited by low concentrations, but 
the concentration required for inhibition of the avian strains of 
tubercle bacilli is higher. 
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City, and at the American Cyanamid Company. Both sub- 
stances showed absorption bands similar in frequency and 
at 40 points. The correspondence of these two compounds 
at so many frequencies would leave little doubt as to their 





Relative Growth Rates of Bean and Oat 
Plants Containing Known Amounts of a 
Labeled Plant-Growth Regulator 
(2-Iodo™-3-Nitrobenzoic Acid) 


J. W. MitcHety 
Bureau of Plant Industry, Soils, and Agricultural Engineering 





Joun W. Woop, W. C. Wo.rFe, and Georce W. Irvine, JR. 


Bureau of Agricultural and Industrial Chemistry, 
Beltsville, Maryland 


Succulent dicotyledonous plants are generally more sensitive 
to growth-regulating substances than are most plants of the 
monocotyledonous type (2), yet very little is known regarding 
the factors responsible for this difference in sensitivity. In 
recent experiments with the growth-regulating substance 
2-iodo™!-3-nitrobenzoic acid (INBA) labeled with radioiodine, 
bean plants were found to absorb and translocate this com- 
pound more readily than barley plants (3), and a new tool was 
provided for observing still other differences in the way some 
dicotyledonous and monocotyledonous plants respond to 
growth regulators of this type.! 

The present experiments were undertaken to determine, in 
part, whether the difference in sensitivity of plants, such as 
bean and oat, to such a growth regulator as INBA can be 
accounted for on the basis of a quantitative difference in their 
ability to absorb and translocate the compound. By applying 
radioactive INBA in varying amounts to the older leaves of 
bean and oat plants and then measuring the radioactivity of 
the young leaves that developed subsequently, it has been 
possible to compare the rate of growth of the two plant types 
when the young leaves of each contain equal concentrations of 
the growth regulator. Additional information which bears 
directly on this problem has also been obtained by studying 
the translocation of INBA in a third monocotyledonous plant, 
namely, corn seedlings. 

The compound 2-iodo"™!-3-nitrobenzoic acid was synthesized 
by diazotizing 3-nitroanthranilic acid and treating the reaction 
product with radioiodine 131.2 A water dispersion of the com- 
pound was prepared by first dissolving the required amount in 
a small quantity of a commercial detergent (Tween-20) and 
then adding sufficient water to make a 4 per cent solution of 
the detergent in the final mixture. Measured amounts of the 
dispersion thus obtained were added to measured amounts of a 
4 per cent solution of detergent in distilled water in order to 
make a series of clear, aqueous dispersions containing, re- 
spectively, 3.13, 6.25, 12.50, and 25.00 ug. of INBA/0.01 ml. 

Bean and oat seedlings were grown from seed in potted soil 
under greenhouse conditions. Bean seedlings selected for uni- 


1 In the paper referred to it was tentatively concluded on the basis of the 
indirect evidence then available that INBA was absorbed and translocated 
as such in the plant. Since this work was published, it has been proved con- 
clusively by the isolation of pure INBA from the stem and bud tissue of 
bean plants treated with this compound, that INBA is absorbed, translo- 
cated, and accumulated, at least in the bean plant, in the form of the intact 
molecule. While these experiments will be reported elsewhere, this fact is 
mentioned here to obviate the necessity for considering that a possible 
degradation product of INBA might be responsible for the results reported 
in this paper. 

2 Radioiodine was obtained through the Isotopes Branch ,Manhattan 
District, Oak Ridge, Tennessee. 
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formity were treated when the second internodes were not 
more than 1 mm. long but beginning to elongate. Immediately 
before treatment a thin layer of lanolin was smeared on the 
upper surface of one primary leaf of each plant in order to 
cover an area of about 1 cm.? above the juncture of the petiole 
and leaf blade. This was done to block external movement of 
INBA from the treated leaves to other parts of the plant. 

The oat seedlings were treated when they had developed one 
fully expanded leaf and a second leaf which was still partly 
enclosed in the leaf sheath. The third and fourth leaves were 
not outwardly apparent. Before treatment, lanolin was 
smeared across the upper and lower surfaces of the first leaf of 
each plant so as to cover a region extending approximately 
1 cm. from the upper end of the sheath and toward the tip of 
the leaf. 

Both the bean seedlings and the oat seedlings were divided 
into 5 groups of 30 plants each. The 30 bean and 30 oat seed- 
lings in the first group of plants were used as controls, and each 
lanolin-blocked leaf was treated with 0.01 ml. of a 4 per cent 
solution of the detergent (Tween-20) in water. The solution 
was applied in each case to the upper surface of the leaf along 
the midrib in order to cover an area approximately 5 mm. 
wide and 10 mm. long in about the center of the leaf. The 30 
bean and 30 oat seedlings in the other four groups were treated 
similarly by applying 0.01 ml. of a 4 per cent detergent-water 
dispersion containing, respectively, 3.13, 6.25, 12.50, and 25.00 
pg. of radioactive INBA to each lanolin-blocked leaf. 

For the study of the translocation of INBA in corn, the 
plants were grown from seeds in potted soil under greenhouse 
conditions. Fifty-one were selected for uniformity and treated 
when the first leaf was well expanded and a second leaf was 
partially expanded. The basal portion of the first leaf of each 
plant was blocked with lanolin by the technique described 
above on both the upper and lower surfaces and 0.01 ml. of a 
4 per cent detergent-water dispersion containing 25.00 yg. of 
radioactive INBA was applied to the upper surface of each 
lanolin-blocked leaf. 

Eight days later the treated leaves of the bean, oat, and corn 
plants were removed. Stems of the bean plants were severed at 
the second node, and all parts above the second node were 
collected. Each part was weighed individually, dried at 80° C. 
in a well-ventilated oven, reweighed individually, and then the 
parts were combined by groups and ground to 40-mesh for 
radioactivity measurements. The oat plants were severed at 
the uppermost end of the first leaf sheath, and all leaves above 
this point were weighed and processed as described for the 
bean plants. The corn plants were severed at the upper end of 
the first sheath and parts above this level were divided so as to 
obtain combined samples made up of the second, third, and 
fourth leaves, respectively. The corn leaf samples were proc- 
essed as described for the bean plants. 

Radioactivity measurements were made on 50-mg. aliquots 
of the dried, ground plant samples under rigidly standardized 
conditions using a Geiger-Miiller scaling unit and a lead- 
shielded, Geiger-Miiller counter tube having a thin mica win- 
dow.’ For measurement, the samples were placed in cylindrical 
stainless-steel cups having an internal diameter of 32 mm. and 


* The apparatus used had the following characteristics: counting circuit 
scale having 64 units, with a register circuit for operation of an external 
mechanical register; self-quenching, end-window-type counter tube having 
a threshold voltage of 1,200 and a mica window 28 mm. in diameter, with a 
thickness of 3.2 mg./cm.?. 
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a uniform depth of 3 mm. Radioactivity measurements Were 
also made under the same conditions on 50-mg. aliquots ¢ 
each of a series of reference standards prepared by adding 
various known amounts of radioactive INBA to samples of 
tissue from corresponding parts of untreated bean, oat, and 
corn plants by the procedure previously described (3), 1}, 
amount of INBA present in the experimental plant sample 
was calculated by relating the measured radioactivity in eqs 
case to that of a reference standard of comparable activity 
Frequently interspersed measurements of the radioactiy 
INBA standards also obviated correction for decay of the 
radioiodine (half-life period of I = 8.0 d.) during the eXDeri 
ments. Proper operation of the counting apparatus yw, 
checked routinely throughout the work by measuring th 
radioactivity of a radium D + E sample.‘ Background measyp. 





















10( 






















ments (natural radioactivity) were also made at frequen ‘ 
intervals. 
TABLE 1 ih 
ACCUMULATION OF INBA IN TERMINAL ParTS® OF BEAN AND OAT SEEDLiyo 
AND Its EFFECT ON THE SUBSEQUENT GROWTH OF THESE Parts 
eae —_____—___ 4 
Dry wt. per | Net activity | : 
INBA ant terminal) Per50 mg. | INBA per | INBA pe: 
applied per | growth tissue ee 50 me Oy |plant termin! 
plant (ug.) (counts/ | tissuef (mg.) | growth (xg 
| avg. (mg.) minute) 
Beans 
0.00 | 185.9 | 10 =| = 0.00 0.00 a 
3.13 83.6 3,810 0.76 1.26 
6.25 76.1 7,670 1.52 2.31 
12.50 59.4 13,724 2.72 3.23 so 
25.00 58.5 21,852 4.38 5.07 
Oats 
0.00 38.2 152 0.00 0.00 
ao 2,894 0.56 | 0.47 
oe 1) Se oe... ae 0.94 0.73 
12.530 | 39.0 7,194 1.40 1.10 
25.00 9,764 1.91 1.56 


* All parts above sheath of first leaf of oat and above second node 0 
bean plants are designated as terminal growth. This portion develope 
during the period of treatment (8 days). 

t Based on standards made from dried leaves of bean and oat plas 
possessing average net activities of 5,047 and 5,123 counts/minute)) © 
INBA, respectively. 


The concentration of INBA in the most rapidly developitt 
parts of both bean and oat seedlings increased progressive! 
as the amount of INBA applied to the plants was increas! 
(Table 1). In the case of the bean plant the accumulation 
the compound in the terminal buds, even at the lowest level 
applied INBA, resulted in a marked inhibition in the rate d 
growth of this tissue (45 per cent of control). At higher levels 
application even greater inhibition in growth occurred, wit 
maximum inhibition (approximately 32 per cent of contr 
attained upon the application of 12 or more yg. of INBA/plat 
(Fig. 1). In the case of the oat plant, however, no inhibition it 
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4 The radium D + E sample used as a standard in these investigatio 
was kindly furnished by L. F. Curtiss, National Bureau of Standards. T™ 
sample consisted of radium D plated on thin palladium foil. The absoltt 
beta-ray activity of the sample, due essentially to radium E in equilibn™ 
with radium D, was calculated by the Bureau of Standards to have 4 - 
of 147 microrutherfords (1 microrutherford = 1 disintegration/second, !): 
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rate of growth of young leaves occurred, regardless of the 
hunt of INBA applied to, and absorbed by, the plant. 
nat and corn plants absorbed and accumulated appreciably 
- of the applied INBA than did bean plants. For example, 8 
s after the application of 25 wg. of INBA to bean and oat 
ts, the concentration of the compound per unit of dried oat 
nt tissue was only half that found in the young leaves and 
ns of bean seedlings. Similarly, in corn plants, where no 
bition in growth occurred, considerably less INBA was 
<orbed and accumulated in the young leaves than was 
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Fic. 1. Growth response of young leaves of bean and oat seedlings 
ated with different amounts of INBA. Values calculated on the basis of 
ntrols equal to 100 per cent. 


sorbed and accumulated in bean plants treated with an 
ual amount of the compound. Nevertheless, because of the 
ide range in the amounts of INBA applied to the bean and 
at plants, experimental conditions were attained in which the 
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Fic. 2. Effect of applying increasing amounts of INBA to bean and oat 
dlings on the concentration of the compound in the young leaves of each 
lant. (These curves yield essentially straight lines when plotted with 
bgarithm coordinates.) 





mounts present in the rapidly growing parts of the two plant 
‘pes Were identical, making it possible to compare the growth- 
phibiting effects of this compound in these plants under 
trictly comparable conditions. This fact is apparent when the 
‘BA accumulation curves plotted in Fig. 2 are considered 
gether with the growth curves given in Fig. 1. Equal con- 
entrations of INBA (1.9 yg./50 mg. of dried tissue) were 
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present in the young leaves and stems of bean plants and in the 
young leaves of oat plants when the plants were treated with 
approximately 8.3 and 25 yg. of INBA, respectively. The 
growth of the young bean leaves and stems containing 1.9 ug. 
of INBA/50 mg. of dried tissue was reduced to 37 per cent of 
that of controls, whereas the. growth of young oat leaves that 
contained an equal concentration of INBA was not at all 
affected. 

It can be concluded from these results that the difference in 
the sensitivity of bean and oat plants to INBA cannot be 
accounted for on the basis of differences in the ability of the 
plants to absorb and translocate the compound or on the basis 
of a difference in the extent to which INBA accumulates in 
the rapidly growing parts of the plants, since with equal con- 
centrations in the young leaves of each type of plant the growth 
of bean was greatly reduced but that of oat was not affected. 
These results lend additional support to one of the two alter- 
native conclusions previously reached (3), namely, that the 
growth-inhibiting effects of INBA in the bean plant and its 
failure to produce significant inhibition in barley, oat, and corn 
plants must be due to differences in the manner in which INBA 
reacts with the plant constituents in each case. 


TABLE 2 


AccUMULATION oF INBAIN LEAVES OF CorN SEEDLINGS 8 Days FOLLOWING 
APPLICATION OF 25 uG. OF THE COMPOUND TO THE First LFAF 


\Net activity 


—— | per 50 mg. | INBA per | . 
Leaf in order of | _ —_ dry leaf | 50 mg. dry — 
development pes — ) tissue leaf tissue*| PE my 
heres (counts/ (ug.) BS) 
minute) 
Segeiee. iis. 49.6 5,298 1.27 1.26 
Ress ted nd 63.6 4,815 1.04 1.32 
Pe 31.8 3,621 0.78 0.50 





* Based on standards prepared from corn leaves having an average net 
activity of 4,652 counts/minute/y of INBA. 


Three other implications of the experimental results are 
noteworthy: (a) Growth of the terminal buds of bean plants 
was reduced roughly in proportion to the amount of INBA 
accumulated in them until a concentration of approximately 
2.7 ug./50 mg. of dry tissue was reached; at higher concentra- 
tions of INBA no greater inhibition in growth occurred. (b) 
INBA continued to accumulate in terminal buds of bean 
plants even after maximum inhibition had been attained. 
(c) In the case of the translocation experiments with corn 
seedlings, the concentration of [NBA was greatest in the oldest 
leaf assayed and least in the youngest one in which the INBA 
content was determined. On the basis of these observations 
and other evidence to be presented at a later time, it is con- 
sidered probable that INBA, and perhaps other plant-growth 
regulators of this type, not only accumulates primarily in the 
plant tissue that is developing most rapidly at the time the 
compound is applied, but also combines stoichiometrically and, 
for the most part, irreversibly with certain essential metabo- 
lites of these tissues to exert its growth-inhibiting effects. 
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A Nutritional Disease of Oats Apparently 
Due to the Lack of Copper 


Henry C. Harris 


Department of Agronomy, 
Florida Agricultural Experiment Station, Gainesville 


A deficiency of available copper in the soil is reported to 
have caused a nutritional disease of oats in Europe (/) and 
in Australia (2), but apparently this disease has not been re- 
ported in this country. However, a similar disease has appeared 
in oats planted on the Experiment Station Farm at Gaines- 
ville, Florida, and this report is concerned with the symptoms 
of the trouble and the remedy for it. 

The oat variety, Florida 167, when grown on certain parts 
of the Experiment Station Farm, has exhibited for several 
years an apparent nutritional disease. Others varieties have 
been affected, although they have been grown to a lesser ex- 
tent. The symptoms of this disease develop on this variety as 
follows: After being seeded at the usual planting time in No- 
vember, the oats come up and at first appear normal. The only 
difference detected after about two months is that the affected 
oats are smaller than nonaffected plants. In later stages of 
growth, about three degrees of severity of the symptoms have 
been noted, namely, severe, moderate, and slight. In severe 
cases the leaves begin to show a characteristic marginal chloro- 
sis early in February. As the disturbance progresses, the margin 
and tips of the leaves become brown or may look as if they 
have been scorched. Tillers begin developing about the middle 
of February. The emerging tips forming the bud of the tillers 
frequently are rolled up tightly, and the rolled-up part be- 
comes light colored, then brown, and eventually may die. 
After that the entire plant may die or may struggle along, 
putting out new tillers which in turn develop similar character- 
istics. Such plants produce practically no heads and little 
foliage. If the condition is moderate, the plants will have some 
of the characteristics described above. New tillers develop 
late, which results in the plant material being immature at 
normal harvesting time. The oats produce heads, but instead 
of ripening to a normal yellow color, these heads tend to have 
a whitish-green color, and very little grain is produced. Slightly 
affected plants appear normal except for considerable blasting 
and light grain. Sometimes the upper leaves, which cover the 
head just as it emerges, are chlorotic and may even appear 
scorched. Symptoms of this nature on this variety have been 
observed on several farms in central Florida. 

Affected plants seem to develop wiry roots that show root 
rot in various stages, but this is probably secondary in nature. 
There was no apparent difference in the amount of Helmin- 
thosporium \eaf spot on affected and normal plants. 

Field experiments, in which the Florida 167 variety was 
grown, were conducted in a badly affected area! in an effort to 
determine the cause of the abnormality. In one set of experi- 
ments a uniform liberal application of the major fertilizer 
elements, nitrogen, phosphorus, potassium, calcium, mag- 
nesium, and sulfur, was applied. In addition to the major 
elements, copper, zinc, manganese, boron, and molybdenum 
were applied to the soil in all possible combinations before 
seeding the oats. The copper was applied as copper chloride at 
the rate of 10 pounds/acre. The seed were treated with New 


1 The soil type is Arredondo loamy fine sand, 


398 





Improved Ceresan. In another experiment an assortment , 
treatments were tried including fertilizer, rate of top dregs 
with nitrate of soda, seed treatment with New Improve) 
Ceresan, and the minor elements in combination with these 

Oats which did not have copper developed severe SyMptony 
of the disease and produced practically no grain. The foliag 
was small, and very few plants even produced heads, (js 
grown on every copper treatment were either free or Practically 
free of the described disease and produced relatively gogj 
yields. The only treatment of value was copper. Top dressing 
with extra nitrate of soda seemed to accentuate the trouble 

Copper chloride which was applied in 1944 to old fertijip, 
plots and copper sulfate which was applied in 1942 haj, 
pronounced residual effect on the yield of oats and larg: 
prevented the disease. The disease was prevalent in othy 
parts of the old fertility experiment. 

A more detailed report will be published elsewhere. 
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The Migration of Newly-hatched mo\ 
Loggerhead Turtles Toward the Sea' hat 
arol 
RosBert S. DANIEL and Kart U. Sw the 
University of Missouri and University of Wisconsin “ 
ol 
The initial adaptations of newly-hatched loggerhead turtles Hi \}, 
may be divided into three major behavioral sequences: (1) e+ Hi rel 
cape from the deep nest on the ocean beach; (2) direct mign- 


tion to the sea immediately after escape; (3) orientation toward 
deep water once the ocean surf is reached. ser 
The conditions of development of the loggerhead turtle pre HM arc 
clude the possibilities of prenatal stimulation in determining B® dy 
the remarkable adjustments of the newly-hatched animal. The H op 
nest of these turtles, a hole in the sand about one foot in diame Hi , 
ter and two feet deep, is installed in midsummer months by the the 
adult female, which immediately afterward returns to the sea an 
Each nest contains from 50 to 200 eggs. After an incubation HP be 
period of about 7 weeks the young turtles hatch, mill around 3 jn 
the nest for 3-5 days, emerge as a group, and make a rapid ru up 
for the ocean. Although the crawl from the nest to the wate 
may cover a distance as great as 25 yards, no errors are show ac 
in direction of crawl. Once in the water, the animals swit in 
toward the open ocean. The escape from the nest, which occu's B® to 
typically at night, is accomplished by slow activity in the nes, HM ac 
which raises the nest floor gradually to the beach surface }! fr 
knocking sand from above. se 
The guiding physical stimuli which determine the nest-to-4 I ili 
movements of the young loggerhead have been the subject 0 
some previous investigations. Hooker (2) and Parker (3) havt I si 
referred to positive geotropic reactions, visual hue discrimins I |i 
tion and preference, and discrimination of visual “opennes’ -E 
(the uniformity of the ocean horizon) as possible means “ 3 T 
explaining the oriented crawling. ec 
In order to determine the critical stimuli for the directing HR s 


1 Presented before the Midwestern Psychological Association and Se 
tion I, AAAS, St. Louis, March 1946. 
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¢ migration in the young turtle, observations were made 
ynder natural conditions and in a privately arranged labora- 
ory on the east coast of Florida. 

The major results of these studies show that the newly- 
hatched loggerhead is activated and guided in its movements 
om the nest to the sea by photokinesis and phototropism, the 
ritical stimulus for which is normally the light reflected from 
eocean surf. The following observations will serve to indicate 
he validity of this conclusion. 


TABLE 1 


n oF TURTLES RESPONDING POSITIVELY TO SIMULTANEOUSLY 
PRESENTED LiGHT AND GRAVITATIONAL STIMULATION 


a: 


\UMBE 
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No. of | NO; showing | No. showing | No. 
Angleof | animal | positive geo- positive showing 
incline | yr wm | tropic re- | phototropic | ambiguous 
aoe sponse response response* 
ee Ree 
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* This group includes inactive animals as well as 4 animals which moved 
in no particular direction around the release point on the inclined plane. 


Neither sound nor smell of the water will direct the crawiing 
movements when vision of the surf is prevented. Sixty newly- 
hatched animals placed in an open pit on the beach milled 
around but showed no oriented movements in the direction of 
the water. When vision of the surf was permitted by placing 
them on the open beach, they entered the water immediately. 
Four animals, released on the beach on a quiet, moonless night 

I when the surf was absent, failed to find the water, but when 
released later, at the same point on the beach, after the moon 
had risen, they crawled quickly into the ocean. 

A group of 5 animals placed on the beach at night,were ob- 
served to follow a beam from a flashlight as it was moved 
around on the beach surface. Confusion of orientation was pro- 
duced in a group of 50 turtles by releasing them on the beach 
on a moonlit night and by stimulating them simultaneously by 
a spot of light directed near them on the sand. About half of 
the animals followed the spot of light as it was moved about, 
and the other half crawled to the sea. Some individuals could 
be induced to reverse their direction of crawl, even after getting 


_ into the water, by moving the light from the edge of the ocean 


up onto the slope of the beach. 

In the laboratory, the newly-hatched animals became very 
active when stimulated by ambient light, even of moderate 
intensity. Focal light stimuli in addition prompted the animals 
to approach and attack the light source. Turtles also showed an 
acceleration in approach time negatively related to distance 
from a focal stimulus. Circular crawling in the direction of the 
secing eye was induced by temporarily blinding one eye and 
illuminating from above. 

An approximate threshold of discrimination of light inten- 
sity was determined by observing the movements toward two 
light panels differing in brightness. They discriminated light 


» Tatios as low as 1:2 at an illumination level of 0.1 millilambert. 


This discrimination is smaller than the light differences typi- 
cally occurring either at night or during the day between the 
surf and surrounding areas of beach and ocean. 

Gravity as a stimulus was compared with light directly by 


releasing the animals on an inclined plane with a lighted win- 
dow at the top. The results (Table 1) indicate that geotro- 
pism is relatively ineffectual. In a similar experiment, pairing 
light with sea water, the light approach again was dominant. 

Further experiments were conducted to discover whether 
the turtles would craw] toward a “broken” visual pattern in 
preference to a “uniform” pattern, when opposed by a bright- 
ness difference favoring the broken pattern. Every one of a 
group observed approached the brighter but interrupted stimu- 
lus pattern in preference to the dimmer uniform field. This 
result pointed to an interpretation in favor of light rather than 
pattern as critical. As applied to the natural environment, this 
indicates that it is unlikely that the presence or absence of 
trees, shrubs, or sand dunes defines the seaward movements. 

Inasmuch as the migratory nest-sea reactions normally 
occur at night under levels of illumination precluding the possi- 
bility of hue discrimination for the rod-cone eye, as is found in 
turtles, it was considered that hue discrimination could not 
determine the movement. 

The previously reported embryonic study of development in 
the loggerhead (4) disclosed that the crawling and swimming 
movements evolve as specialized reactions within a matrix of 
more generalized body movements, and that these reactions, 
along with the migratory response pattern itself, may be 
elicited in animals prematurely released from the egg. The 
fundamental character of the oriented reactions was further 
established by the fact that the movements toward light 
stimuli are relatively unmodifiable through learning of a detour 
path in a Y-maze. The conclusion was clear from these obser- 
vations that the light-induced movements were sufficient to 
account for the stereotyped character of the actual sea-ap- 
proach behavior. Positive phototropism, conceived as a stage 
in maturation, is further suggested by the fact that the response 
becomes weak at about 6 days of age and a negative response 
to very bright light appears at about 3 weeks of age. 

It may be concluded that the phototropic reactions to differ- 
ences in light intensity and the kinetic effects of light, which | 
maybe observed under both laboratory and natural conditions, 
have significant relations with the environmental circum- 
stances under which the nest-sea migration occurs. At night 
the white and sometimes phosphorescent surf constitutes the 
most intense light stimulus in the nest locale. This light is ap- 
parently the critical stimulus for both activating and guiding 
the ocean crawl. At dawn or dusk or, in fact, throughout the 
day, the brilliant surf also acts as a directing and motivating 
influence for the animals to reach the ocean. The observations 
showed that the positive responses to light are dominant and 
invariable during the first few days after hatching. In addition, 
it was observed that the female adult carefully selects nestsites 
which provide clear vision of the surf, and that other geo- 
graphic features are not involved in the nest location. 

The physical stimuli effective in leading the animal from th: 
surf to the deeper areas of the ocean and the processes un:ier- 
lying these movements were not clearly defined. 

These studies will be reported in full elsewhere (/), 
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Routine Analysis of the Alpha Activity 
of Protactinium Samples 


M. Brau and H. SrnaAson 


Gibbs Manufacturing and Research Corporation and 
Canadian Radium & Uranium Corporation, New York City 


The classical method of measuring the alpha dctivity of 
protactinium consists of the following procedure: The samples 
containing protactinium are painted on metal discs as uni- 
formily as possible and in extremely thin layers in order to 
provide minimum absorption for the alpha particles of pro- 
tactinium. The current produced by the alpha particles of the 
sample is measured by an electrometer or electroscope and 
compared with that of a uranium standard. 

The current obtained by the protactinium sample, ex- 
pressed in e. s. u., is used for the determination of the number 
of alpha particles emitted by the sample: 

N-e-n, (1) 


Je.s.u. = 


where N is the number of alpha particles emitted; e, the elec- 
tric charge of an ion; and n, the number of ion pairs produced 
by an alpha particle of protactinium along its path through 
the ionization chamber. 

Knowing the half-life of protactinium, the number of alpha 
particles emitted by, for instance, 1 mg. of protactinium can be 
calculated. One mg. of protactinium emits in total (whole 
sphere) 1.85 X 10° alpha particles/second. 

2N 
1.85 x 108 
(in mg.) which the sample contains, provided that the absorp- 
tion of the layer of foreign material can be neglected. How- 
this assumption can actually never be realized 

2N 
1.85 X 10° 
corresponding to a zero absorption has to be determined by 
extrapolation, measuring samples of decreasing total weight. 
current 


The fraction gives the amount of protactinium 


ever, 


completely. Therefore, the maximum value of 


increases with decreasing layer 





The ratio 
. weight of sample 


thickness and, plotting these values versus the weight of 
the samples, we obtain a curve whose intersection with the 
ordinate gives us the actual value of the protactinium content 
per unit weight of sample material. 

[t is evident that this method is time consuming and subject 
to various errors, especially if the sample is very dilute with 
respect to the protactinium content. Moreover, this method 
presents a great many difficulties in plants where other radio- 
active products are present, especially alpha radiators of 
shorter half-life than protactinium, because even the slightest 
contamination introduced in the process of painting the discs 
can give rise to great errors. If, for instance, in a sample of 1 
mg. of protactinium/gram, only 10~* mg. of polonium is pres- 


400 


ent, the error in the determination of the protactinium conta 
would amount to more than 10 per cent. | 
In order to overcome these difficulties, we decided to ay 
for routine measurements the method of measuring 4, 
samples in thick (alpha-saturated) layers, especially singe; 
affords less handling of the material, which, after suit, 
grinding, is filled into special, strictly uncontaminated diss 
The theory of the ionization, above alpha-saturated lays 
of material, due to its emission of alpha particles was given b 
R. D. Evans (1). The number of ion pairs, Nip, produced); 
the alpha particles emitted by 1 cm.2 of the sample layer 
given by 
Nip = ip 
e- 


f 


where J is the current due to the alpha particles of the samp 
e, the charge of the ions; and f, the surface of the sample. 
these samples contain much more material than the painty 
layers, a slight contamination does not affect the accuracy 
such high degree and can be recognized more easily be refillin 
The relationship between this number and the content of poi 
tactinium per gram of the sample Pa is given by the equatia 


4 


Nip = — -(EKRA,,Pady). 


re 


ore 


In this equation L is the Avogadro number and Ag, the atom 
weight of protactinium; the radioactive constants, EK, 
\, Pa which refer to the specific ionization and range of t® 
alpha particles and to the disintegration constant of prot: 
tinium, have been tabulated (1). Therefore, Pa, the prot 
tinium content per gram of sample, could be calculated if¢ 
the density of the sample, and yu, the absorption coefficient it 
the alpha particles, i.e. the ratio between the alpha partic 
range in the solid to its range in air, are known. 

The density of the sample can be obtained experimental) 
but would require separate measurements; on the other hast 
an experimental determination of yw presents quite st 
difficulties. 

To overcome these difficulties and to establish simulta 
ously and once for all the value of the product “yd” for 
special samples (ZrP207), we proceeded as follows: 

(1) Very careful measurements were made using the hrs: 
described method of thin-layer samples in order to obtal 
directly the content of protactinium per gram of the sample 
Thereafter, exactly the same sample of material was used in# 
alpha-saturated layer, and the product “yd” was calculates 
substituting for Pa in Equation 3 the value found in the the 
layer experiments. The average value obtained in four series 
measurements is: wd = 2.36-10°°%. 

(2) An accurately known quantity of polonium was ade! 
to ZrP,07 samples of low protactinium content and later # 
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inactivated ZrP,O; samples.’ The polonium was (a) added A Simple Quantitative Method for 
R Y form of a solution (HCI) and (b) precipitated on ferric Intravenous Inj ection of Small 


jroxide [Fe(OH)sI. > be es td Wolamesanmaa 
In case (a) the exact quantity of polonium was determin 


sing a nickel foil in an aliquot part of the polonium 


» spin ' , 
| d for the experiment and by measuring this foil 
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grees or ionization methods. The solution was New York Hospital and Cornell University Medical College 

proughly mixed with the zirconium sample and dried at only Department of Pediatrics 

nium cont ghtly elevated temperatures until the original weight was The intravenous injection of small, accurately measured 
“HR ched. Because of the high specific activity of polonium, no quantities of solutions is frequently required in physiological 

ded to apoh rrection factor with respect to density changes _ ow se investigations. In most of the reported studies the technic has 
-asuring (meade: Two series of measurements gave the average value of | ccnsisted of using a syringe calibrated to contain the solution 
ally since ifm = 2.20 X 107%. dia Ck and final rinsing of the syringe with blood several times to 
fter suitifimmm 10 case (b) * nickel foil ;with a well-known ‘amount of insure complete delivery (/). In the course of a study of the 
nated dish plonium was dissolved and the polonium precipitated on distribution of radioactive and nonradioactive substances 


trated lyvedimme(OH):. By this procedure about 5 per cent of the original injected intravenously into small infants, a simple technic was 
onium quantity is lost, and this factor, as well as the adopted which has several advantages. 

pange in density by adding approximately 10 mg. of Fe(OH); The arrangement of the apparatus, which consists of two 
| gram of sample material, was taken into consideration. ordinary glass syringes with Luer locks and a metal three-way 


x series of measurements gave the average value of ud = stopcock,? is shown in Fig. 1. One or more solutions are de- 
£10; this value is smaller than that in (a) and 11 per cent 


aller than in case 1. In three series out of these six we meas- 
ed only the quantity of added Fe(OH); before the precipi- 
tion with polonium and did not observe the weight after 
ving dried the sample. It might be that, because the drying 
as not complete, the value of density appears too small. On 


Vas given} 
Produced 


ple layer 


4 


Sec 


the sample 


Sample, : ‘ d =< 
the pain other hand, the values of series 1 may be too high, as the — 
accuracy ples were very dilute with respect to protactinium, so that [> 
be refi e active material is covered with an absorption layer. ‘x 





The average value of the three sets of measurements, 
1 = 2.22-10-%, was accepted and introduced in Equation 3, 
hich now allows us simply to calculate the content of pro- 


ctinium precipitated on ZrP20;, if the sample is measured 
alpha-saturated layers. uni fevvafinns fesnifeeny| ¥ " 


For routine measurements, the necessary calculations can be +44 5 
the atoas ill further simplified by comparing the ionization above the 
; EK i otactinium samples with that appearing over the uranium 
andard. If the ionization effect is the same in both cases, 
msuming equal surfaces of the preparation, we find that the 
bntent of protactinium in the zirconium sample is 1.3 107% 

am/gram of sample. Therefore, the protactinium content in 
ams per gram of sample can be expressed by 


tent of a 


a 


he equation 
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livered from sterile volumetric pipettes of desired capacity 
into the upright syringe barrel, A, with the stopcock handle, 
B, in position 1. After the vein is entered, the handle is turned 
to position 2, and the piunger of the horizontal syringe, C, 
is withdrawn, bringing the solution into the barrel. Returning 
the handle to position 1 and advancing the plunger into the 
barrel delivers the solution through the needle into the vein. 
The above considerations, of course, are valid only if the The upright barrel can then be filled with saline to the height 
ndioactive element is always separated by the same chemical of the original fluid level and washed through the apparatus 
rocesses, a common occurrence in routine work of this nature. | 48 many times as desired by repeating the above maneuvers. 
The use of polonium for the determination of the factor ud One-ml. aliquots of four different solutions (thiocyanate, 
the case of protactinium samples is self-indicating because of Creatinine, mannitol, and sodium-)-aminohippurate®) were 
he nearly equal range of the alpha particles emitted by these pipetted into the upright barrel of the assembly and then 
udioactive elements. However, the same procedure can be delivered through the apparatus into 2,000-ml. flasks. With 
ccommended in the case of other alpha emitters of appreciable two 4-ml. rinsings of the assembly into the flasks, concen 
: alf-life, e.g. plutonium and other transuranic elements, since _ trations of the four substances were found to be identical with 
sed ind e addition of polonium, due to its high specific activity, does those in flasks into which similar aliquots were delivered 


Iculated ’ 

: ot alter the absorption in the sample. 

the thi i I P 1 With the technical assistance of Dorothy Weber. 

series d e ? This is the type commonly used for intravenous injections in pediatrics 
: Referenc and is available from Becton-Dickinson & Company, Rutherford, New 
‘i Evans, R.D. Phys. Rev., 1934, 45, 29. Jersey. 

iS a ‘We are grateful to W. R. Horn and M. Pavey, of International Rare * The mannitol and sodium-p-aminohippurate were kindly supplied to 
ater als! fetals Refinery, Inc., for the preparation of all of these samples. us by W. P. Boger, of Sharp & Dohme, Inc., Philadelphia. 
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directly from the pipettes. Quantitative recovery was con- 
firmed by finding no residual substances in additional rinsings 
of the assembly. 


The difficulty of intravenous injections in small infants is 
not increased by using the arrangement of the syringes de- 
scribed. The technic has the following advantages: 

(1) The volume or volumes of solution to be injected can be 
measured more accurately from volumetric pipettes than from 
calibrated syringes, and the former are more readily available. 

(2) Several solutions can be measured quantitatively and 
given in a single intravenous injection. 

(3) Rinsing is done with saline rather than aspirated blood. 
The small amount of additional fluid required to rinse the 
assembly will not, in most instances, introduce a significant 
error in the determination of fluid “spaces.” 

The last two items are particularly applicable to studies of 
infants or small animals in which multiple injections and 
rinsing with blood are difficult. 
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A Crystalline Pituitary Protein With 
High Growth Activity’ 


Jacos B. FisHMAN, ALFRED E. WiLHELMI, 
and JANE A. RUSSELL 


Department of Physiological Chemistry, 
Yale University 


During current work on the fractionation with alcohol of 
calcium: hydroxide extracts of fresh beef anterior pituitary 
glands we have obtained crystalline fractions with very high 
growth hormone activity. The procedure is briefly as follows: 
Dissected anterior lobes are frozen in solid carbon dioxide and 
ground to a fine powder. After the carbon dioxide has evapo- 
rated, the gland powder is suspended in calcium hydroxide 
solution, pH 11.5, and stirred vigorously overnight. This and 
all subsequent operations are carried out in a cold room at 
0-5° C. The pH of the extract is adjusted to 8.7 by bubbling 
in carbon dioxide gas, and after the mixture has stood again 
overnight it is centrifuged and the residue is discarded. To the 
supernatant solution, vigorously stirred, 1:1 alcohol-water is 
slowly added. Successive additions yield 5 fractions: A, at 
pH 8.6 and 13 per cent alcohol; B, pH 8.6, 19 per cent; C, pH 
6.8, 23 per cent; D, pH 4.6, 23 per cent; and E, pH 4.6, 40 per 
cent. The fractions are separated by centrifugation, resus- 
pended in water, and lyophilized. To prepare crystalline mate- 
rial, fraction A or B is dissolved in calcium hydroxide, pH 11.5, 
to make a 0.5 per cent solution, the pH is adjusted to 8.6 with 
carbon dioxide, the solution is centrifuged, and to the super- 
natant solution, vigorously stirred, enough 1:1 alcohol is very 
slowly added to make an alcohol concentration of 7 per cent. 
The crystals, which impart a beautiful silken sheen to the 


1 The work reported in this paper is being done under a grant from the 
American Cancer Society on the recommendation of the Committee on 
Growth, National Research Council. 
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solutions irom which they appear, seem on microscopic = 
nation to be very thin, rectangular plates, many of : 
broken because of the shearing stresses of the vigorous gi... 
which is necessary during the addition of the alcohol. They | 
centrifuged off, suspended in water, and lyophilized. L n 
first experiment, starting with 304 grams of fresh glands ' 
yield of crystalline material from a portion of fraction By 
200 mg. In the second experiment, in which 350 grams of fa 
glands were used, the yields were 74 mg. from fraction p and 
950 mg. from fraction A. 

The three crystalline fractions so far obtained have beey 
assayed by the 10-day growth test on hypophysectomin4 
rats. Their activities were compared with that of a purified 
growth hormone preparation made by us according to the 
method of Li, Evans, and Simpson (/). The results are sum. 
marized in Table 1. 













































TABLE 1 
Dose /day Mean weights of rats 
Fraction |No. of rats’ (grams) 

(mg.) | (mg.N) | Initial | Final | Cham 
30A 3 | 0.020 | 0.0032 194 212, | +18 
49A 3 | 0.100 | 0.0147 92 117 | 445 

3 | 0.010 | 0.0015 | 95 108 | 413 
50A 3 | 0.100 | 0.0142 91 1120) 42 E 
3 | 0.010 | 0.0014 87 9 | +i 
ie te 0.099 | 0.0131 95 120 | 425 
Re. 0.010 | 0.0013 91 108 | +1 





Autopsies carried out on the test animals showed that th 
weights of the thyroids, adrenals, testes, seminal vesicles, 
prostate, and liver were not different from the weights of thes 
organs in uninjected controls. Histological studies on the thy- 
roids are not yet complete. In the tests with fractions 4A, 
50A, and the Li preparation the widths of the tibial epiphyseal 
cartilages were also measured. These were in y: for 7 controls 
125; for 49A, 50A, and the Li preparation, at the 0.1-mg. dos 
level, 320, 309, and 379, respectively; and at the 0.01-mg. dox 
level, 291, 270, and 278, respectively. These results provide a 
additional measure of the activity of the crystalline prepara 
tions. 

The three crystalline fractions have been examined electr- 
phoretically in phosphate buffer (ionic strength, 0.2) at pi . 
8.0. Two components were noted in each instance. Additional t 
electrophoretic studies on recrystallized material are in prog § 
ress, experiments are under way to determine whether the two 
components can be separated, and further work is being dont 
to determine the maximum yield of active material obtainable 
by the new method. 

The results so far indicate that crystalline preparation 
comparing favorably in growth activity with the purified 
hormone can be prepared in excellent yields by a relatively 
simple alcohol fractionation of an alkaline extract of antero 
pituitary glands. Although not all of the fractions obtained 
have been studied thoroughly, it is hoped that the procedurt 
may lead to thé isolation in pure form of other active principles 
of the anterior pituitary gland. 
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change of Carbon Dioxide Between 
rium Carbonate and the 


tmosphere’ 
W. D. ArMsTRONG and JACK SCHUBERT 


of Physiological Chemistry and Laboratory 
of Dental Research, University of Minnesota 





Department 


it was observed that precipitates of barium carbcnate 
BaC4O3 + BaC#0;) used as standards for radiocarbon 
4) measurements appeared to lose a significant amount of 
,dioactivity when stored for several weeks in contact with 
in covered Petri dishes. In an experiment designed to test 
nese observations and in which the Geiger-Miiller counts were 
ferred to a uranium standard a sample of radioactive bar- 
» carbonate lost 2.7 per cent of its original activity in 6 
vs. These findings could be explained as being the result of 
he incorporation in the precipitate of CO, from the atmos- 
here in exchange for C4O,. A mechanism for the exchange 


as postulated as follows: 


C20, + H,O — H,C0; 
BaC“O; + H,C%0; — BaC#O; + H,CO; 
H.C¥“O; — H,O0 + CO, 


Evidence that the exchange occurs and that the hypothe- 
ed mechanism is correct was obtained when it was demon- 
rated that (a) no loss of radioactivity by barium carbonate 
curs in the absence of water vapor or carbon dioxide, and 
b) radioactive carbon dioxide is released to the atmosphere, 
hen the exchange occurs, in an amount equivalent to the de- 
rease in radioactivity of the barium carbonate. 


admitted in sufficient amount to restore the pressure to atmos- 
pheric after the desiccator had been exhausted with a water 
pump. After the times indicated, the carbon dioxide present 
as a gas in the desiccator was collected in sodium hydroxide 
solution and the carbonate of the whole of this solution, or of 
an aliquot, precipitated as barium carbonate (/). The radio- 
activity of these precipitates and of the original barium car- 
bonate, after drying and reweighing, were then determined. 
The activity of all samples was corrected for changes in counter 
performance by reference to counts of a uranium standard 
which was counted at least four times alternately with each 
sample. 

The total activity of the precipitates, all of which were 
‘‘thick” samples, were calculated by multiplying the observed 
count, corrected for counter performance and background, 
by the ratio of the thickness of the precipitate (expressed as 
mg./cm.?) to 20. The relatively large statistical error shown 
for the radiocarbon found in the desiccator gas in Experiment | 
is due to the fact that the large amount of carbon dioxide 
necessitated counting a barium carbonate precipitate which 
contained only 7 of the total carbon present in the gas phase 
of the desiccator. 

In Experiment 1 the original precipitate lost 37.4 per cent 
of its radioactivity and, within the limits of experimental error, 
all of the radioactivity so lost was recovered as carbon dioxide 
in the atmosphere above the precipitate. The loss in weight of 
the precipitate after the treatment is probably within the 
experimental error of weighing the brass dishes and would 
account for no more than 1.74 per cent of the decrease in 
radioactivity. In other trials similar to Experiment 1 radio- 
activity equivalent to 12-48 per cent of the total was lost by 
the precipitates in 48-60 hours.? These results, obtained in the 





























TABLE 1 
Ervecr or WATER AND CARBON DioxpE on Loss or RApIOcARBON BY BARtuM CARBONATE (t = 22° C.) 
Treatment 7 Total activity of precipitate 
: va Original weight | Weight of precipi- (counts/minute)* Total activity 
Exp. No. | of — tate after treatment| ea recovered inCO: 
~~ : mg. (mg.) in desiccator* 
Conditions | _ | Before treatment After treatment | 
. i ' 
- | —~—-—- _ oo - | |-—______—_ ———— 
H:0 + C20, 2 Fa 178.1 | 175.0 1, 782 + 19 1,115 + 16 620 + 90 
2 HO + Ne me 176.3 | 176.3 1,710 & 18 1,693 & 18 B.G.t 
3 PxOs + C02 | 44 157.5 157.0 1,448 + 16 1,460 + 16 B.G 


i i 











*The activity results are shown + the square root of the sum of the squares of the errors of the sample and background. 


{B.G. = Not significantly different from the background count. 


Precipitates of barium carbonate containing radiocarbon 
ith the weights shown in Table 1 and surface areas of 5.73 
m.* were collected in brass, Buchner-type funnels, as pre- 
jiously described (1). After the radioactivity of the precipi- 
ates had been measured with a thin mica window counter, 
ach funnel and precipitate was separately placed in a vacuum 
lesiccator of 2-1. capacity under the conditions indicated in 
Hable 1. In Experiments 1 and 2 the bottom of the desiccator 
as covered with a layer of acidulated water in order to satu- 
ate the atmosphere of the container with water vapor. In 
xperiment 3 the air in contact with the barium carbonate 
Was kept dry by a layer of phosphorus pentoxide covering 
he bottom of the desiccator. The gases (C"Q,. or Nz) were 


'This work was carried out with the aid of grants from the John and 
fary R. Markle Foundation and the Graduate School of the University 


of Minnesota. 
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presence of water vapor and carbon dioxide, and the fact that 
no loss of activity occurs when barium carbonate is treated as 
indicated in Experiments 2 and 3, are evidence that the mech- 
anism postulated above is correct. Under the conditions of 
these experiments it appears that the exchange, as in Experi- 
ment 1, occurs uniformly throughout the precipitate. since 
thorough mechanical mixing of the barium carbenate after 


2 A sample of enriched C™ barium carbonate containing 2.86 atom pe: 
cent excess of C!8 was subjected to similar treatment. The atom per cent 
excess of C!3 was reduced to 2.64, showing that a definite exchange with 
atmospheric CO: had occurred. Since the C!O2 released was diluted 75-fold, 
it was not possible to ascertain with accuracy the resulting increase in 
C8/C® ratio in the atmosphere of the desiccator, although qualitatively 
this gas showed an enriched C" content above its original composition 
The enriched BaCOs and the analyses were kindly provided by Alfred O 
Nier, Department of Physics, and Nathan Lifson, Department of Physi- 
ology, University of Minnesota. 
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the treatment caused no change in activity. This would not 
have been the case had the exchange occurred only on the 
surface layers of the precipitate. 

These observations indicate the necessity for preserving 
carbonates which, in the solid state, are to be used as isotopic 
carbon reference materials in such manner that carbon 
dioxide or water, or both, are excluded from contact with the 
solid substance. Further, the observations confirm the pos- 
sibility that one of the paths by which sunflower leaves ab- 
sorb carbon dioxide from the air is by exchange of carbon 
dioxide with insoluble carbonates in the leaves (2). 
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The Use of Isotopes to Determine the 
Rate of a Biochemical Reaction! 


HERMAN BRANSON 


Department of Physics, 
Howard University, Washington, D.C. 


Radioactive and stable isotopes are being used increasingly 
to determine the rates of biochemical reactions for which 
suitable techniques were previously not available. The theory 
of this application of isotopes has been discussed by Zilversmit 
and his collaborators (2) and by Branson (/). Both formula- 
tions show that in order to determine the rate for a substance, 
B, formed from A, the experimenter must have information on 
the time dependence of A and B. 

Branson’s integral equation formulation gave 


t 
M(t) = MO)F(t) + | R(O)F(t — 8) a, 
0 


where M(t) is the amount of substance present at time t; 
M(0) is the amount initially present; F(t) is the “metaboliz- 
ing’ function—the function which multiplies the original 
amount to give the amount present at time t; and R(t) is the 
rate of accumulation. The equations applicable to the system 
A-— B, where A is transformed into B by a first order chemical 
reaction, are: 


t 
AM(t) = | R(6)F(t — 6) dé 


0 


t 
BO) = BO)F(t) + | R(O)Fi(t — 6) de (1) 
0 


t 
B*(t) = C | A*(@)Fi(t — 6) dé, 


0 


which assume that the amount of B present is constant and 
R = CA. The starred quantities refer to the substances iso- 
topically tagged. Hence, if we are interested in the R and F 
associated with B(t), we must determine experimentally A*(t), 
B*(t), and B(O). 


i This work is being supported in part by a grant from the Research 
Corporation of New York. 
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The procedure is open to severe criticism in most COmy 
biological systems, for it requires the unequivocal Proof ; 
B is the exclusive product of A. In general that wij) not | 
true; and, if it were, the scheme would be difficult to esta), 
Under the dynamic conditions existing in biological areal 
we can expect side reactions and complex chains, sone] 
which may lead eventually from A to B. 

One procedure for eliminating the dependence upon p, 
urements of A*(t) would be to introduce the tagged 
stance suspected as being the precursor of B*(t) in one SY Ste 
or series of animals and the tagged substance, §(t) 
similar system. From the first system we have 


» y 


t 
B*(t) = | R(@)F(t — 6) de 
0 


and from the second, 


B(t) = BO) F(t), q 
which are sufficient to determine F(t) and R(t) without 4 
pendence upon precursors of B. 

Although of value, the preceding technique is probably 
vulnerable as the first, since the measurements are made y 
different systems. The experimenter would have greater « 
fidence in his rate determinations if they were based sik 
upon measurements of the substance under study and limity 
to simultaneous measurements in a single system. 

These desired conditions may be obtained by the use df 
doubly-tagged? substance in a single system. We may int 
duce the suspected tagged precursor of B and follow expe 
mentally the level of B*(t). At the same time, we may inj 
some B—that is, a small amount of the chemically simial 
substance but tagged by the use of a different radioactir 
isotope or by a rare stable isotope. Thus, Equations 2 and} 
permit the simultaneous determination of R(t) and F(t) in 
single system by measurements of B alone. 

The number of possible combinations of isotopes avail 
depends in large measure upon the problem and the skill 
the experimenter. Under all circumstances, radioactive aul 
stable pairs such as (H*, H*), (C, C™), (S*, S*) and the rade 
active pair (Fe®, Fe®*) can be used for these elements. } 
appropriate radioactive member exists for oxygen or nitrogetj 
however, in many experiments they can be coupled wil 
hydrogen, carbon, or sulfur. The assays will require i 
simultaneous use of the mass spectrometer and the Geigt 
Miiller counter, but such equipment is now rather widel 
available. 

Experiments of this type are being planned for our labow 
tory using a small 60° Nier Type spectrometer and conver 
tional Geiger-Miiller equipment. 
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2 “Doubly-tagged” designates a substance, part of whose molecules ## 
tagged by one isotope and part by another; e.g. methionine, with oe 
molecules having S* and some S*, or betaine, with some molecules hav 
N4 and some C®, 
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